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U. S. Department op Agriculture, 

July 3, 1889. 
Sir: I have the honor to transmit herewith the first of a series of 
faanal papers to be published, under your direction, in the form of a 
serial entitled North American Fauna. The present communica- 
tion consists of a revision of the North American Pocket Mice (including 
descriptions of twelve new species and three new subspecies), and is 
based largely upon material collected in Dakota, Nebraska, Utah, and 
Arizona by Mr. Yernon Bailey, an energetic and enthusiastic natu 
ralist now employed as a field agent of the Division. 
Respectfully, 

O. Hart Merriam, 

Chief of Division of 
Ornithology and Mammalogy. 
Hon. J. M. Rusk, 

Secretary of Agriculture. 
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ANNOUNCEMENT. 



The Division of Ornithology and Mammalogy is engaged in mapping 
the geographical distribution of birds and mammals, in addition to the 
8tady of their economic relations. The purpose of this work is to as- 
certain the boundaries of the natnral fannal areas of Korth America. 
The original information on which the maps are based is collected mainly 
by special field agents employed by the Division; a smaller portion is 
contributed by voluntary observers. In the progress of the work many 
new fact« are obtained which ought to be put on record for the benefit 
of other workers in this department of science. It is not unusual to 
find new species in the collections made by the field agents of the 
Division, and such species must be named and assigned their proper 
systematic postion before they can be discussed intelligently. 

It 18 evident that the results of the investigations of the Division are 
of importance to two distinct classes of readers — farmers and natural- 
ists. It is deemed desirable, therefore, to publish such of the results as 
are of use mainly to those engaged in scientific research separately from 
those of a more purely economic character. The publication of the 
economic material being already provided for (and appearing as bulle- 
tins and reports), it has been decided to publish a series of fannal papers, 
under the title Forth American Fauna. This publication will con- 
tain, in addition to the fannal papers proper, such technical matter as 
results from the study of the material collected or as may be necessary 
to an intelligent understanding of the reports which follow. 

1^0 attempt will be made to issue the separate numbers at regular 
intervals, but each number will bear date of actual publication. The 
present is the first of the series. 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



No. 1. NOETH AMERICAN FAUNA. October, 1889. 



PRELIMINARY REVISION OF THE NORTH AMERICAN POCKET MICE 
(Genera PEROGNATHUS et ORICBTODIPFS auct.) 

WITH DBSCKIPnONS OF NEW SPECIES AND SUBSPKGIKS AND A KEY TO THE KNOWN 

FORMS. 



By Dr. O. Hart Mebriam. 



INTRODUCTORY REMARKS. 

The present contribution toward a revision of the North American 
Pocket Mice is the outgrowth of a recent attempt to identify a large num- 
ber of specimens for the puq)ose of mapping their geographical distri- 
bution. The results were wholly unexpected. Only six species were 
previously recognized. This number is here increased to eighteen; 
three subspecies also are described, and several well known names are 
shifted to forms other than those to which they have been heretofore 
commonly applied. The material at hand is far more extensive* and of 
better quality than that accessible to any previous writer j at the same 
time many large areas in the West still remain unrepresented in col- 
lections. 

The present revision of the group is by no means exhaustive — it is 
intended merely as a foundation for future study. Several problems in 
synonymy remain to be worked out in the light of material yet to be 
collected, and additional species remain to be discovered.- The region 
between the Rocky Mountains and the Pacific coast has not been so 
thoroughly explored as to be barren of new forms ; and Mexico, if I 
may be allowed the prediction, will furnish a number of species now un- 
known, some of which will shed much light on the affinities of the group 
and the interrelations of its principal subdivisions. 

•The present study is based on about 170 specimens, of which 120 are in my own 
coUection and about 50 in the U. S. National Museum. 
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2 NORTH AMERICAN FAUNA. INo. l. 

HISTORY AND NOMENCLATURE. 

Maximilian, Prince of Wied, was first to discover and describe a 
pocket mouse from North America. In 1839 he published an excellent 
description of a species collected by himself on the Upper Missouri 
River, near the mouth of the Yellowstone. He named it Perognathus 
fasciatus-^hoih genus and species being new.* 

In 1848 Peale described a second genus and species, from Oregon, 
under the name Cricetodipus parvusA 

In 1852 Woodhouse described a pocket mouse frojn San Francisco 
Mountain, Arizonn, naming it Perognalhns penicillatus.X 

In 1855 Baird added another species, Perognathus flavusy basing his 
description on a specimen from BI Paso,§ Texas (but afterwards con- 
fusing with it specimens from widely remote localities). 

In 1857 Baird described two more species, P. hispidMSy from northern 
Mexico, and P. montioolay from western Montana.|| 

In 1868 Oray attempted, though with ill success, to describe two ad- 
ditional species, which he named Abromya lordi (gen. et sp. nov.), from 
British Columbia; and Perognatkm bicolory from Honduras.^ The for- 
mer has not been since collected; the latter,-as shown by Alston, ^h's 
neither a Perognathm nor a native of the subregion " (Central America), 
but is a Heteromys, and came from Venezuela. (Ann. and Mag. Nat. 
Hist., 5th series, vi, 1880, 118, 119.) 

Excluding «*P. hieoloVy^ then, as not belonging to the group at all, the 
seven species already mentioned are all that have been formally de- 
seribed. 

In 1875 Cones provisionally proposed two additional names {mollipu 
losus and longimembris),** suggesting their adoption in case the animals 
to which they were applied should prove different from the species 
under whose names they were placed (P. monticola and parvus^ respect- 
ively); thus making a total of nine specific names proposed up to the 
present time. 

In 1857 Baird separated the pocket mice into two sections or sub- 
genera, Perognathus and Orioetodipus. He characterized Perognathm 
as the larger of the two, with larger ears and a distinct lobe to the 
antitragus, and with the soles entirely naked ; Criceiodipua as smaller, 
with smaller ears, without any lobe to the antitragus, and with the 
posterior portion of the sole hairy .tt He assigned no cranial characters 
to either of these subgenera. 

* Nova Acta Acad. Caes. Leop. Carol., Nat. Car., xix, 1839, 368-374, pi. xxxiv. 
t Kept. Mam. and Ornith., U. S. Expl. Expd., Wilkes, viii, 1848, 5*2-54. 
i Proc. Acad. Nat. Sci. Phila., 1852, 200. 
$ Proc. Acad. Nat. Sci. Phila., 1855, 332. 
li Mammals N. Am., 1857, 421-423. 
H Proc. Zool.Soc. Lond., 1868,202. 
•* Proc. Acad. Nat. Sci. Phila., 1875,296,305. 

tt This V7as doQC on the assumption that Peale's Cricetodtpua parvtis was the same as 
the small animal from southern California, here called P. longimembris, which see. 
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October, 1889.] REVISION OF THE GENU8 PEKOGNATHUS. 3 

Id 1868 J. E. Gray Darned a geDus Abromysj from an animal collected 
in British Columbia by Lord. The only character mentioned by Gray 
as distinguishing his genus Abromys from the geuus Perogmthus is the 
character of the far, which he stated to be soft io Ahromys and harsh 
or hispid in Perognathus. 

In 1875 Cones raised Cricetodipus to full generic rank and pointed 
out differential cranial characters by which it might be readily sepa- 
rated from Perognathusy to which latter genus he referred Abromys as a 
syoonyu). With characteristic sagacity he suspected that the small 
species without lobed antitragus might not belong to Peate's genus 
Cricetodipus at all, and therefore provisionally suggested the generic 
and specific name Otognosis longimtmhris for the Fort Tejon animal, 
which he described under the head of Cricetodipus parvus. This was 
done on the supposition that the generic name Perognathus Max. Wied 
belonged to the largest species, with lobed antitragus, while in reality 
the contrary is true, as will be shown directly. Otognosis Coues, there- 
fore, becomes a synonym, pure and simple, of Perognathus. 

Having received a number of specimens of so-called Cricetodipus 
flavus from the region of the Upper Missouri, near the mouth of the 
Yellowstone, some of them taken within a few miles of the very spot 
where Maximilian procured his type of Pero(/watAM«/a«ctatw«, and being 
unable to secure auy reliable record of. the occurrence of Perognathus 
fasciatus of Baiid and subsequent authors further north than Nebraska, 
I turned to Maximilian's original description, which is very full and 
exact, and is accompanied by a colored plate of the animal, natural 
size, and by figures of the skull and teeth and tables of measurements. 
It allows no room whatever for difference of opinion as to what his ani- 
mal really is— it is the Cricetodipus flavus (in part) of recent authors, 
my own specimens from the Upper Missouri region agreeing in the 
minutest detail with his careful description. This discovery unfortu- 
nately renders necessary a total change in the nomenclature of the 
group. Cricetodipus of Baird and Coues becomes a synonym, pure and 

But in reality C. parvus of Peale was a very difierent anitual. His description was 
based on a single specimen, which must have been very young, as may be seen from 
the following: (1) Both the Latin diagnosis of the genus and the English descrip- 
tion which follows begin with the statement that the head and body were ''nearly 
eqaal in sire," and further on he speaks of *' its singularly large head, which equals 
its body in bulk." (2) The molars are said to have "six rounded tubercles on each." 
(3) The dental formula is given as follows: " Incisors, % ; canine, g|l ; molars, j § — 16" 
(and later on in the same description he states that he found " rudiments of a fourth 
molar tooth in each side of the lower jaw, which would eventually have replaced the 
front ones, already much worn"). (4) ** Lips large, tumid;" which would indicate 
a sucking young ) and (5) the relative proportions of head, body, and feet. The 
most important measurements, reduced to millimeters, are : Head and body, 48 ; head 
from nose to occiput, 23; tail, 58; hind foot, 20.5; metatarsus, 13. 

It is perfectly evident from the above that Peale's Cricetodipus parvus could not 
have been one of the smaller species at all, but must have been a very young Indi- 
vidaal of one of the larger species, possibly the Perognathus moUipilosHS of Coues. 
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4 NOETH AMERICAN FAUNA. [No. L 

simple^ of Perognathusj and the large animal from tbe plains, called by 
these authors Perognathus fdsciatus^ is left without a name. 1 have 
named it, therefore, Perognathus paradoxus.* 

During the half century since the publication of Maximilian's de- 
scription of Perognathus fasciatus the species has never been known 
by its right name. Baird, in 1857, placed it in his subgenus Cricetodir 
pus (under the specific name fiavus). Twenty years later (in 1877) he 
was followed by Coues, who raised Cricetodipus to full generic rank. 
It is rare, indeed, that a species is thus separated further and further 
from itself, until it comes to be placed in another genus from that orig- 
inally framed for its reception. 

The aim of the present paper is to establish certain types, and to correct 
certain errors of nomenclature and synonymy. Hence the descriptions 
have been based principally on type specimens;! and no attempt has 
been made to determine the limits of sexual and individual variation, 
or to discuss other interesting questions which will be treated fully iq. 
a subsequent communication. 

CLASSIFICATION AND KEY TO SPECIES. 

The twenty -one species and subspecies of Perognathus here described 
may be arranged in two principal divisions or subgenera according 
to their natural affinities. Unfortunately, no dependence can be placed 
upon external characters, such as size, the presence or absence of a 
lobed autitragus, the hairiness of the sole, or the possession of a crested 
penicillate tail, none of these peculiarities being exclusively associated 
with the members of either subgenus, although heretofore they have 
been credited with even generic significance. The classification here 
proposed is based solely on cranial characters. The teeth furnish 
excellent specific characters, but none of subgeneric value. 

SUBGENERA. 
Perognathus (proper). 

Mastoids largely developed, projecting behind plane of occiput ; interparieta, 
shield-shaped or pentagonal ; mastoid side of parietal longest; andital bnUse 
meeting or nearly meeting anteriorly below basisphenoid. 

* Professor Baird bad bat few specimens before him when he wrote his great work 
on the Mammals of North America, in 18.^>7. It is not strange, therefore, that he fell 
into one or two errors of identification, particularly in view of the enforced haste in 
which his manuscript was prepared. His most serious error, and one in which he 
has been blindly followed by subsequent writers, lay in referring the largest species 
of the group (P. paradoxus of the present paper) to ^Aximilisku^ b Perognathus fasoiatus. 
He noticed the great discrepancy in size, but thought it due to age. 

tOf the twenty-one species and subspecies herein formally defined, no less than 
nineteen have been described from the actual types, twelve of which are in my own 
collection and seven in the United States National Museum. Of tbe remaining two, 
one {P. fasciatus)f has been described from a duplicate type (». e., a specimen from the 
original type locality) ; the other {P.flavus) from a specimen taken about 400 miles 
from the type locality, Baird's type having been lost. This is the only one conoern- 
'^g which there remains auy doubt. 
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OcTOBiB, 1880.1 REVISION OP THE GENUS PEROGNATHUS. 5 

CkaUdipu9* 

Mastoids moderately developed, not projecting behind plane of occipnt ; inter- 
parietal broadly pentagonal, or strap-shaped ; mastoid side of parietal not 
longest ; andital bulls separated anteriorly by fnll width or nearly fall width 
of basisphenoid. 

The species comprising the sabgenns Perognathus, excepting P. for- 
mosu$ alone,cou8titate a rery natural and compact gronp. P.formosus 
agrees with the others in cranial characters, bat differs from them 
widely in external pecnliarities. 

The subgenus may be conveniently divided into two minor groups or 
sections as follows : 

1. Tail vertebrsB ^ longer than head and body ; tail heavily crested ; ears very long; 

soles completely naked; pelage coarse i^^rmoMM gronp. 

2. Tail at most only slightly longer than head and body ; never crested ; ears short 

or moderate ; soles more or less hairy ; pelage fine Fiuciatus group. 

The species comprising the subgenus Chastodipm naturally fall into 
four minor groups or sections, which may be characterized as follows : 

A. Occiput truncated posteriorly. 

(a) Htnd foot long and narrow : 

1. Tail always crested-peuicillate ; interparietal more than twice as broad as 

long; no supra-orbital bead FenidlUUus group. 

2. Tail never crested-penici Hate ; interparietal less than twice as broad as 

long; a distinct supra-orbital bead (largest forms known). 

Paradoxus group. 
(6) Hind foot short and broad : 

3. Tail not crested-pen icillate Hispidus group, 

B. Occiput bulging posteriorly: 

4. Tail crested- penicillate ; ears very long Calif omicus gronp. 

list ov speciks and subspecies herein described. 

1. Fasciatus 

1*. Fasciatus flavescens. 

2. Flavus 

3. Blmaculatus 

4. Longimembris 

5. Apache 

6. Inomatus 

7. Monticola 

8. Olivaceus 

8*. Olivaceus amoenus. .. 

9. Formosns 

10. Intermedins ^ 

11. Fallax I 

12. Obecums ^Penicillatus group. ^ 

13. Spinatus ( 

14. Penicillatus J 

16..Paradoiii8 spilotnu. .. . I ^<"-«*«'" ««>»?•• 

17. Califomicus .---- \ /^^ i;^,**^:^,,^ r*<./^nT^ 

18. Armatus , )^Cahfomxcus group. 

KEY TO SPECIES AND SUBSPECIES OF PEROGNATHUS. 

lu the preparation of the folio wiug key the dichotoinous system has 
been followed because of the manifest advantage it affords in presenting 

* ChoetodipuSf iu reference to the stiif hairs of these animals compared with the 
soft pelage of Perognathus proper. Tne type is Chwtodipus sjnnatua sp. f^^>x/-^r^T/> 

yi ize y g 
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6 NORTH AMERICAN FAtJKA. |Ko. 1. 

in alternative couplets the characters employed, and also becaase it 
permits the use of antithetical diagnoses throughout. 

External characters have been selected whenever feasible, in order 
to increase the usefulness of the key. 

For greater convenience, subspecies have been treated as species, 
both in the key and in the tables which follow : 

Mastoids projectiDg behind plane of occiput ; mastoid side of parietal longest 
(subgenus Perognathua), 
a' Tail crested-peniciUate ; pelage coarse. 

An ti tragus lobed ; hind foot 26 ; tail vertebrsB ^ longer than head and 

body .f&rmosus. 

a« Tail not crested penicillate ; pelage fine or soft, 
¥ AnWragus lobed ; size rather large (tail vertehrffi longer than head and body). 
c' Fur of belly plumbeous at base. 

Hind foot about 24.5 ameenas. 

Hind foot about 21 montioola, 

(^ Fur of beUy white to roots of hair olivaceus, 

^ Aniilragtis NOT lobed; size medium or small, 
d^ Tail vertebfie longer than head and body. 

Audital bnllce meeting in symphysis anteriorly inomntus. 

Audital bullae not meeting anteriorly longimembris. 

d' Tail vertebfffi not longer than head and body. 
e* Tail vertebrse nearly as long as head and body. 

Lower premolar about half as large as last lower molar apache. 

e* Tail considerably shorter than head and body. 
p Tail vertebrae about 60. 

Upper parts olive-green fasciatus. 

Upper part yellowish-brown Jlavescens, 

p Tall vertebrae about 40. 

Hind foot 15; lower premolar longer than broad flatus. 

Hind foot 17 ; lower premolar broader than long himaculaius. 

Mastoids not projecting behind plane of occiput ; mastoid side of parietal not 
longest (subgenus Chwtodipus). 

OCCIPCT TRUNCATED POSTERIORLY. 

2»> Hind foot long and narrow, 
c^ TaiZ crested- pen ici 11 ate ; no supra-orbital bead (Peaioinafutf group). 
d^ Spines or bristles on rump, 
e^ Interparietal strap-shaped ; rump spines small. 

Tail very long (vertebrse 106) ; pelage coarse intermedius. 

Tail shorter (vertebrae 92) ; pelage finer obscurns. 

e^ Interparietal broadly pentagonal ; mmp spines large. 

Hind foot 24 ; lower premolar larger than last molar fallax. 

Hind foot 21 ; lower premolar smaller than last molar spinatus. 

<P No spines or bristles on rump. 

Hind foot about 25 penicillatus. 

c^ ^ail not crested-pen icil late ; a distinct supra-orbital bead {Paradoxus group). 

Hind foot 26; ear without distinct spot paradoxus. 

Hind foot 23 ; ear with distinct dark spot spilotus. 

b^ Hind foot short and broad. 

Tail not crested- pen ic ill ate (Hispidus g^up). 

Hind foot 21.5 ; lower premolar larger than last molar hispidus, 

o« Occiput bulging posteriorly. 

Tail crested-penicillate ; ears very long {C alifornicns group). 

Wliite spines confined to rump califomicus. 

White spines extending forward ou flauk8p^gj^2g^^.^(^QQ..«rin«fi*«. 
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ARRAXGEMBNT OF 6PBCIBS AND SUBSPKCIKS BT HAIRINESS OF SOLES. 



Entirely oaked« 



Sole of bind foot.. < 



" formosns. 
fallax. 
iuterniedius. 
obscnrns 
spiuatus. 
penicillatus. 
califorDicus. 
armatus. 
paradoxus, 
spilatus. 
hispidus. 

(fasciatns. 
apache. 

Pcteriorihairy j rgC^M.. 

P«rteriorih»iry ^ \'^^- 



arrangkment of species and subspecies by relative size and shape of 

lower premolar. 

1. Size of Lower Premolar comparfj) with Last Molar. 



Larger. 

Oalifornicus. 

Armatus. 

Hispidus. 

Intermedins. 

Fallax. 

Obscnrns. 

Penicillatus. 

Formosus. 

Flavns. 

Longimembris. 



SmaUer. 



Apache. 

Monticola. 

Olivaceiis. 

AmoBUUB. 

Bimaculatus. 

Flavescens. 

Spinatus. 



About equal. 



Paradoxus. 
Spilotus. 
luornatns. 
Faseiatus. 



2. Relative Proportions of Crown of Lower Premolar. 



(a.) TfoHeeably longer than 
hro<ui. 

Califomions. 
Armatus. 
Flavns. 
Fallax. 



(6.) About as broad Mi long. 

Paradoxus. Inomatns. 

Spilotus. Olivaceus. 

Hispidus. Aticbuus. 

lutermedius. Monticola. 
Formosus. 
Flavescons. 



Longimambris. 



(«.) BroatUr Uian long. 

Apacbc. 
1 Bimaculatus. 
I Poniciliatus. 
I Faseiatus. 

Obscurus. 



3. Relative Shape of Crown of Lower Premolar. 



(L) Natrovittt anteriorly. 

Paradoxus. 

Spilotus. 

Californicns. 

Intermedins. 

Obscnrns. 

Fallax. 

Penicillatus. 

Formosus. 

Monticola. 

Flavescens. 



(2.) Narro^rett extemalhf' 

Apache. 

Inomatus. 

Olivaceus. 

Amcenus. 

Faseiatus. 

Formosus. 

Spinatus. 



O.) Sub-triangular. 

Apache. 

Faseiatus. 

Spinatus. 
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8 NORTH AMERICAN FAUNA. IKo. 1. 

ARRAXOEMBNT OF SPECIES AND SUBSPECIES BY SHAPE OF INTERPARIETAL. 

r^ y Shield-ahaped or squarish-pentagonal (ratio of lengtli to breadth above 60). 



Inornatus. 
Apache. 
LoDginiembrifl. 
Bioiaculatus (?). 
Fasciatus. 



Flavas (anterior angles 

roanded). 
OHvaceos. 
AmcBnus. 
Monticola. 



Formosas (posterior an- 
gles rounded). 
Flayescens. 



r"^^^ Broadly pentagonal (ratio of length to breadth below 60). 
Penicillatus (posterior a n g 1 e s I Paradoxus. 



rouuded). 
Fallax. 
Spinatns. 



Spilotns } posterior angles rounded; sidee 
Hispid OS 5 ftlaxmgly diven^ent anteriorly. 
Califoruicus (convex posteriorly). 



^^ 7 strap-shaped (ratio of length to breadth 38.2 to 46.6). 
Obscurus. Intermedins. 



Arrangemetit of species and subspecies hy parietal proportions, 
[By longest side. 1 



longest. sub-eqoaL ^^^,i^^ shorter). sub-equal. 



Apache. 

Inornatus. 

Longiniembris. 

Flavus. 

Biraacnlatus. 

Fasciatus. 

Flavescens. 

Fonnoeus. 

Olivaceus. 

Amoenns. 

Monticola. 



Paradoxus. 

SpilotuH. 

» HiKpidns. 

Fallax. 

Interniedius. 

Obscurus. 



Califomicus. 
PeulcilUi us. 



' Spinatus. 
Amiatus. 
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PEROGNATHUS FASCIATUS MaximiliaD. 

Perognaihua faaciatua Max. Wied, Nova Acta Acad. Csm, Leop. Carol., xix, i, 18!I9, 
369-373, pi. XXXIV (col.). Type from the Upper Missouri near its Janction 
with the Yellowstone. — Max. Wied, Reise in das innere Nord Amerika, i^ 
1839, 449-450. 

Perognathus flamts Baird, MammalB of North America, 1857,423-425 (in part only). 

Duplicate type ffjf <^ . From near junction of Yellowstone and Missonri Rivers, 
Montana, October 6, 1887. Vernon Bailey. 

Measurements. — ^Total length, 135; tail verfcebree, 60 (taken in flesh by 
collector). Hind foot, 17.5; ear from crown, 4.5 (measured from dry 
skin). 

General characters. — Size small (intermediate between penicillat%9 
and longimetnbris); ears small, well haired on both sides, particaliu*ly 
ontheinflexed npper portion and on the base below; no antitragal 
lobe ; tail nearly as long as head and body, not crested or penicillate ; 
X)OSterior half of soles haired ; pelage soft. 

Color. — Above, between olive green and olive-gray, faintly sufifased 
with pale fulvous, and finely lined with blackish ; a light fulvous lat- 
eral stripe* ; under parts, including fore legs and feet, white to roots»of 
hairs. Tail not bicolor, but slightly paler below than above. Ears 
with a light yellowish patch on inflexed upper portion, another ou 
lower margin ; a larger patch of same color behind each ear. 

Cranial and dental characters. — Skull rather small, moderately arched ; 
mastoids largely developed and projecting slightly behind plane of 
occiput (ratio of mastoid breadth to basilar length of Hensel, 68.3; of 
intermastoid breadth, 22.7); audital bullse separated by less than 
breadth of basisphenoid ; interparietal pentagonal, considerably broader 
than long (ratio of length to breadth 66.6)'y nasals not extending quite 
so far posteriorly as nasal branch of premaxillaries ; mastoid border 
of parietal longest; coronoid process of mandible rather long. Tipper 
premolar hardly as broad as first molar ; second and third molars suc- 
cessively narrower. Lower premolar about the size of last molar, its 
crown broader than long^t much narrower externally than internally, 
and anteriorly than posteriorly ; first lower molar conspicuously the 
largest tooth ; second and third successively smaller ; deciduous lower 
premolar nearly twice as long as broad, as usual in the genus. 

General remarks. — Perognathus fasciatus is remarkable among mam- 
mals for the olive-green color which pervades its upper parts. A trace 

* Throughout this paper the term lateral stripe is applied to the tawny band which 
nsnally separates the color of the npper parts from the white of the under parts. It 
must not be supposed to imply the existence of a real stripe within the color of the 
npper parts, such as is present in many of the ground squirrels. 

t In the genus Perognathus the deciduous lower premolar is a long time in falling 
ont, and in the case of young skulls care must be taken not to mistake it for the per- 
manent tooth. It is very much longer than broad, and has five well-developed cusps : 
an anterior, a middle pair, and a posterior pair (see plate IV, fig. 1). 
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of the same tint occurs in its congeners P. olivaceus and P. oUvaceus 
amcmuSj but it \A only a trace. In size it ranks among the smaller 
members of the genus, being little larger than longimembria. 

Just fifty years ago (in 1839) this beautiful species, the type of the 
genus Perognathus, was accurately described and figured by Prince Maxi- 
milian from specimens collected by himself near the junction of the Yel- 
lowstone with the Missouri. From that time till the present it has never 
been recognized by its right name, but has been confounded with Perog- 
nathiis flqvuSj a very different animal. The origin of this confusion 
has been already explained in the introductory portion of the present 
pai)er. 

PEROGNATHUS FA8CIATUS FLAVESCENS subsp. nov. 
Pm-o^naihus flavns Baird, Mamm. N. Am., 1857, 423-425 (ia part only). 

Type Hi^i *d' From Kennedy, Nebraska; June 11, 1888. Vernon Bailey. 

Measurements. — Total length, 136 5 tail vertebrje, 63 (taken in flesh 
by collector). Hind foot, 17 ; ear from crown, 4 (measured from dry 
skin). 

General characters. — Size of P. fasciatm, with ears and tail as in that 
species ; pelage coarser. 

Color, — Above, pale yellowish -brown, lined with blackish, without 
trace of the olive-green of fasdatus; sides with a pale fulvous lateral 
stripe; under parts, including fore legs and feet, white to base of hairs; 
ear with a whitish spot on inflexed upper portion and another on inferior 
margin. The dark hairs of the back do not reach so far down on the 
face and sides as in fasciatus ; on the head they are limited to the tri- 
angular space extending from the upper corners of the ears to the sides 
of the nose, leaving a broad zone of pale fulvous around each eye. The 
end of the nose is whitish all round. The absence of black hairs from 
the upper surface of the thighs leaves these parts pale fulvous like the 
sides. 

Cranial and dental characters. — Sfeull a little smaller than that of /a«- 
eiatus'j vault of cranium more highly arched; mastoids not quite so 
large (ratio of mastoid breadth to basilar length of Heusel, 77.9; of in- 
termastoid breadth, 34.4); interparietal broader (ratio of length to 
breadth, 61.5), sides much spreading, posterior edge notched; audital 
bullae meeting anteriorly; mastoid border of parietal longest; coronoid 
process of mandible more slender and less-spreading. Lower premolar 
slightly smaller than last molar, its crown squarish with rounded cor- 
ners; not decidedly narrower externally than internally. 

General remarks. — P. fasciatus flavescen^is a well marked subspecies, 
easily distinguished from fasciatus by coloration, by its broad orbital 
ring, by the comparative harshness of its pelage, by the shape of the 
crown of its lower premolar, and by the fact that its audital bullae meet 
anteriorly. 
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PEROGNATHCJS FLAVUS Baird. 

Peroffnaihua flatus Baird, Proc. Acad. Nat. Sci. Phila., Apr., 1855. 332 (type from 
El Paso, Tex.).— Baird, Mamm. N.Am. 1857. 423-425 (in part only). 

No. JJf ? dT ad. From Maaon, Texas, May 31, 1888. Ira B. Henry. 

Measurements. — Total length 95"™ (taken in flesh by collector; other 
measarements from dry skin); tail vertebrae, 40 + (extreme tip gone); 
hind foot, 15 ; ear from crown, 4. 

General characters. — Size, smallest of the known species; ear rela- 
tively large; no antitragal lobe; tail considerably less than head and 
body — perhaps about equaling body alone — not crested or penicillate; 
pelage soft; posterior half of sole sparsely haired. 

Color. — Above, light fulvous, obscared by black-tipped hairs and 
clearest on the sides, but no distinct lateral stripe; under parts, includ- 
eluding fore legs and feet, white to base of hairs; ears with a white 
spot on inferior margin ; a large, light yellowish-buflf patch behind each 
ear; a broad ring of dull, pale fulvous around each eye. 

Cranial and dental characters. — Skull very small, with largely-devel- 
oped mastoids, which encroach on interparietal and project behind 
occipital plane (ratio of mastoid breadth to basilar length of Hensel, 
78.5; of intermastoid breadth, 22.8); interparietal very small, with an- 
terior angles much rounded (ratio of lergth to breadth, 78.1); audital 
buUsB meeting in symphysis below basisphenoid ; mastoid border of 
parietal longest. Lower premolar slightly larger than last molar, its 
crown longer tha^ broad. First lower molar largest ; second and third 
successively smaller. 

General reward*.— Unfortunately, Baird's type can not be found. His 
original description, which is very brief, applies well to the above 
i^ecimen from Mason, Texas, except that the tail was longer. Mason 
is a little more than 400 miles east of El Paso, and is in another fauna! 
area; hence it would not be strange if future collections show the El 
Paso animal to be different from the one here described.* 

PEROGNATHUS BIMACULATUS sp. nov. 

Type no. -^^fg S ad. U. S. National Maseum. From Fort Whipple, Arizona, May 
21, 1865. Dr. Elliott Couee. 

Measurements. — Total length, 117™"*; head and body, 71 (taken in 
flesh by collector). Tail vertebrae, 40 (bone left in tail) ; hind foot, 17; 
ear from- crown, 4 (from dry skin). 

* Following isBaird's original description in full: 

'* Perognathus /at?tf« Baird. — Mucli smaller than the common house mouse {Mft$ 
muaculua). Tail nearly equal to or less than the body, scarcely differing in color above 
and below. Hind feet short. 

** Color. — Above yellowish buff, with dusky tips to some of the hairs; paler and 
clearer on the sides. Beneath snowy white to the i-oots of the hairs. Hairs on the 
back plumbeous only on their basal half. Head and body, 2-^ inches. Tail to end 
of vertebra?, 2 inches. Hind foot from heel, 7^^ inches [manifest error for lines']. 

** CoUected at El Paso by J. H. Clark." (Proc. Acad. Nat. Sci. Phjla., voL vn, 

1855,332.) Digitized by Google 
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General characters. — Size, small, about equal to P. longime^nhris ; tail 
short, hardly equaling body without head ; ear relatively large ; uo 
antitragal lobe ; pelage soft ; sole haired od posterior half. 

Color. — Similar to that of P. flavns but darker, with top of nose much 
darker, and yellowish iK)8t-auricular spot much larger and more cou- 
spicaoQS. 

Cranial and dental characters. — Nothing remains of the skull but a 
few fragments. The mastoids, audital bullsB, and interparietal are al- 
together wanting, so that it is impossible to ascertain a single cranial 
character* The lower jaw, however, is in fair condition and' the teeth 
remain in aitu. The lower premolar is noticeably smaller than the last 
molar and it>8 crown is broader than long. 

General remarks. — P. bimaculatus msLy be distinguished from P.flavus 
by its larger size, longer hind foot (17 instead of 15), and the small size 
of the lower premolar. 

PEEOGNATHU8 LONGIMBMBRIS (Coues). 

tPerognathus parvus Baird Inot Peale], Mammals N. Am., 1857, 425-426 (from Tulare 

County, Cal.). 
Cru!€todipu9 parvus Cones, Proo. Acad. Nat. Sci. Phila., 1875, 303-305. 
Otognosis langimemhris Cones [provisional name], Proc. Acad. Nat. Sci. Phila., 1875, . 

305. 

Type no. 9856, $, U. 8. National Museum. From Fort Tejon, Cal. J. Xantus. 

Measurements. — Head and body, 51™°* (from Coues j other measure- 
ments made by myself from the alcoholic specimen),* tail vertebrae, 58; 
peneil, 8 ; hind foot, 17.5 ; ear^ 3.5. 

General remarks. — Coues states: "As well as can be judged from the 
insufftcient material before me, this species does not differ materially in 
color from P.Jlavus; and in fact the only diagnostic characters at pres- 
ent appreciable are the greater length of the hind feet and tail.'' (Proc. 
Acad. Nat. Sci. Phila., 1875, 304.) 

Fortunately, I possess a fine series of specimens from San Bernardino, 
Cal., which place is only about 100 miles from Fort Tejon, the type 
locality of 0. longimembris. I take pleasure in adding, therefore, the 
following description of an adult male : 

No. l%^ i ad. From San Bernardino, Cal., May 6, 18S5. F. Stephens. 

Measurements. — Head and body, 56; tail vertebrae, 63; hairs, 5.5; 
(taken in flesh by collector); hind foot, 17.5; ear from crown, 4.5 
(measured from dry skin). 

General characters. — Size, small; ears rather large, without antitragal 
lobe; tail vertebrae a little longer than head and body; scantily haired, 
and with a sparse terminal pencil, not crested ; posterior third of soles 
haired ) pelage soft. 

Color. — Above, yellowish brown, every where finely lined with dusky; 
sides with a lateral line of the same color, but without the dark hairs; 
under parts, including fore legs and feet, white; tail concolor, yellow- 
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isb, becoming dasky toward the tip. There is a yellowish patch behiud 
each ear, and a white spot at the inferior margin of the ear. [Some 
specimens have also a white spot on the infolded upper margin. Youug 
grayish brown above, tail darker above than below.] 

Cranial and dental characters. — Skall small, rather flat ; mastoids very 
much swollen, projecting considerably behind plane of occiput (ratio of 
mastoid breadth to basilar length of Hensel, 78.6; of intermastoid, 24) ; 
interparietal pentagonal, nearly as long as broad (ratio of length to 
breadth, 86.4) ; audital biillai separated by full breadth of basisphenoid; 
mastoid border of parietal longest. Coronoid process of mandible mod- 
erately developed. Lower premolar slightly larger than last molar, its 
crown squarish, slightly narrower anteriorly than posteriorly, and ex- 
ternally than internally ; first molar larger than second; third a little 
more than half as large as second. 

PEROGNATHUS APACHE sp. nov. 

Type mi <^ ^' Apache County, Arizona, May 22, 1888. 

Measurement:, — Total length (measured in the flesh), 140. Tail, 68; 
hind foot, 18.5; ear from crown, 4 (measured from dry skin). 

General characters. — Size, medium; tail about as long as head and 
body, or a little shorter, not crested or penicillate ; ears small ; no an- 
titragal lobe ; soles haired to base of toes ; whiskers rather short ; 
pelage moderately soft. 

Color. — Above, light tawny-ochraceus, finely and sparingly lined 
with black, which does not hide the ground color; under parts, includ- 
ing fore legs and feet, pure white to base of fur. Tail indistinctly bi- 
color, yellowish above and whitish beneath. Ears with an indistinct 
whitish spot on lower margin. On the back the plumbeous basal por- 
tion of the fur occupies less than half the length of the hairs. 

Cranial and dental chara^^ters, — Skull a little larger than that of P. 
fasciatus^ nearly flat; mastoids greatly swollen, reaching, perhaps, the 
maximum of development seen in the genus, and projecting backward 
behind the plane of the occiput (ratio of mastoid breadth to basilar 
length of Hensel 70.2; of intermastoid breadth 21.7); interparietal pen- 
tagonal, very small, sides scarcely divergent anteriorly (ratio of length 
to breadth 78.9) ; audital bullae meeting in a symphysis below the 
basisphenoid; nasals ending posteriorly almost on a line with nasal 
branch of premaxillaries ; mastoid border of parietal longest ; coronoid 
process of mandible rather small. Crown of upper premolar narrower 
than first molar; lower premolar very small, scarcely half as large as 
last molar, its crown broa<lerthan long, subtriangular. 

General remarks.^P. apache is the yellowest species thus far discov- 
ered. In size it is a little larger than P. fasciitm. In the great de- 
velopment of the mastoids and consequent smallness of the interpa- 
rietal it closely approaches P. inornatus^. 
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PEEOGNATHUS INORNATUS sp. nov. 
T PerogMatkus parvM Baird, Mamm. N. Am., 1857, 425-426. 

Type No. Hm i yg. ad. Fresno, California. 

Measurements, — (Taken from alcohoHc specimen before skinning out 
skall.) Total length, 137 ; head and body, 65 ,• tail vertebrae, 71 ; pen- 
cil, 4; hind foot, 18.5; ear from crown, 4. 

General characters, — ^Size, medium, abont equaling P. apache, which 
it greatly resembles 5 tail a little longer than head and body, not crested ; 
ear rather small ; no antitragal lobe; posterior third of soles haired; 
whiskers rather short ; pelage rather soft. 

Color. — Owing to long immersion in alcohol it is impossible to be snre 
of the original color. Apparently, however, it was a light yellowish- 
brown not unlike that of P. apache, but faintly lined with blackish. 

Cranial and dental characters.— Skull similar to that of P. apaxihe in 
size and shape, but even flatter, and narrower interorbitally; mastoids 
greatly swollen and projecting considerably behind plane of occiput . 
(ratio of mastoid breadth to occipitonasal length, 55.6); andital bullae 
meeting anteriorly in symphysis; interparietal very small, squarish- 
pentagonal with sharp angles (ratio of length to breadth, 84.8) ; nasals 
falling considerably short of nasal branch of premaxillaries ; mastoid 
border of parietal longest. Coronoid process of mandible rather large. 
Lower premolar about the size of last molar, its crown squarish, slightly 
narrower externally than internally. 

General remarks, — In size, proportions, and (f) color P. inomatus closely 
resembles P. apache. Its skull also bears a striking resemblance to that 
of apache^ but is narrower interorbitally and has shorter and more slender 
nasals. The lower premolar, however, is very different, being about 
the size of the last molar instead of only half as large, and its crown is 
squarish instead of subtriangular as in apache. From P. longimembris 
it is easily distinguished by its much larger size. 

Very probably this is the species described by Baird as P. parvus. 
His specimen was very young and was mounted. Its mutilated and 
faded remains afford no positive characters, but the length of its hind 
foot [18"", as given by Baird], and the circumstance that it came from 
Kings Biveri Tulare Oounty, Gal., a locality only a few miles distant 
from Fresno, suggest the probability of its identity with the present 
species. 

PEEOGN ATHUS OLIVACEUS sp. nov. 

Type mi ^ . Kelton, Utah, October 24, 1888. Vernon Bailey. 

Measurements. — Total length to end of vertebrae, 184 ; tail to end of 
vertebrsB 101 ; pencil, 9 (taken in flesh by collector) ; hind foot, 23 ; ear 
from crown, 5 (measured from the dry skin). 

General chara^ters.—Sizo rather large ; ears medium, with antitragal 
lobe large, about as high as broad ; tail slightly penicillate, not noticea- 
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bly crested, its vertebrse longer than head and body ; Boles haired on 
posterior fourth ^ pelage soft and silky. 

Color. — Above, yellowish-brown, finely mixed with black, and tinned 
with olive, though not so distinctly as in P. fasciatua ; below, pare 
white to roots of hair. Tail bicolor : above, proximal half like the back, 
distal half becoming sooty-brown ; below, white. There is a distiuct 
white spot on the inferior margin of the ear which reaches up to the 
base of the antitragal lobe. 

Cranial and dental characters. — Skull rather large, moderately arched ; 
mastoids greatly developed (ratio of mastoid breadth to basilar length 
of Hensel 72.4 ; of intermastoid breailth 20.1) ; interparietal rounded 
shield-shaped (ratio of length to breadth 70.5) ; ntvsals not reachiujs^ 
quite so far back as nasal branches of premaxillaries ; audital bullae 
separated anteriorly by less than full breadth of basisphenoid ; mastoid 
border of parietal longest Coronoid process of mandible moderately 
long. Lower premolar slightly smaller than last molar; its crown 
squarish, slightly narrower externally than internally; first and second 
molars subequal. 

General remarks. — P. olivaceus looks like an overgrown P. fasciatus. 
It has the same soft, silky fur, the same white spot below the ear, and, 
though to a less degree, the same olive tinge which is so unu^al among 
mammals. But it is much larger than fasoiatttSy has a i>euicillate tail, 
and a different skull. 

PEBOQNATHU8 OLIVAOEUS AMCBSTUS subsp. nov. 

Type No. UU i . Nephi, Utah, November 23, 1888. Vernon Bailey. 

Measurements, — ^Total length, 178 ; tail vertebrje, 03 (taken in the flesh 
by collector); pencil, 0; hind foot, 24.5; ears from crown, 4 (measured 
from the dry skin). 

General characters. — Size rather large; ears small, with antitragal 
lobe large, a little higher than broad ; tail penicillate, not crested, its 
vertebr® longer than head and body; soles haired on posterior fourth ; 
pelage soft and silky. 

Color. — Above, yellowish-brown, finely mixed with black, and faintly 
tinged with olive; sides pale salmon, fading gradually into the white 
of the under parts, which is suffused with the same color ; hairs of belly 
plumbeous at base. Tail indistinctly bicolor: above, proximal half 
colored like back, but paler ; distal half becoming sooty-brown ; below, 
whitish. There is a small spot of yellowish-white on the inferior mar- 
gin of the ear. 

Cranial and dental characters. — Very similar to P. olivaceus, but skull 
a little broader posteriorly, and interparietal relatively broader (ratio 
of length to breadth 6Q). 

General remarks. — P. olivaceus amcenus differs from P. olivaceus in 
having smaller ears with the light spot on inferior margin much less con- 
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spicaoas ; in having the fur of the belly plumbeous at base and suffused 
with salmon, instead of pure white^ and in having the hind foot longer 
and the tail shorter. 

PEBOGNATHUS MONTICOLA Baird. 

Ftroffnaikus monticola Baird, Mammals N. Am., 1857, 422-423. Type from (f) St, 
Mary's Mission, Montana. 

Typo ^fiff 9 ad. U. S. National Museum. St. Mary's Mission (f ), west of Rocky 
Mountains, 

Measurements.— (From Baird) Head and body 76 ; tail 78 + (tip broken 
oflT); hind foot 21.» 

General characters, — Size medium, a little smaller than P. olivaceus; 
ears medinm; an ti tragus lobed; tail not crested penicillate; its verte- 
brsB slightly longer than head and body ; pelage moderately soft. 

Color. — (From Baird) Above, mixed cinnamon and dusky; beneath, 
white; hairs below as well as above, plumbeous at base; a pale ciiiua- 
mon lateral stripe; outside of fore leg dusky to the wrist; tail bicolor. 

Cranial and dental characters. — Skull a little smaller than that of P. 
oHv<i€etis^ a little larger thRn fasciatus ; vault of cranium arched about 
as in olivcmeus. Mastoids largely developed, projecting sli^ihtly behind 
plane of occiput; audital bullsB united anteriorly by symphysis; inter- 
parietal pentagonal, relatively broader than in formosus^ but not so 
broad as in fasciatus and flavescens (ratio of length to breadth 68.0) . 
mastoid border of parietal longest; coronoid process of mandible 
slightly longer than in olivaceus^ but not so long as in fasciatus. Lower 
premolar smaller than last molar, its-crown a little longer than broad, 
and narrower anteriorly than posteriorly. 

General remarks. — P. monticola is a perfectly good species, which has 
escaped notice since 1853, when the type and only known specimen was 
collected by Dr. George Suckley. Its skull indicates affiuity with P. 
olivaceus. In coloration it now resembles P. penicillatus^ but it is so 
worn and faded from long exposure to light and dust that little de- 
pendence can be placed on its present color. The practice of mounting 
aud exhibiting type specimens can not be too strongly condemned. It 
is a relic of barbarism which modern museums can not afford to per- 
petaate. 

PEEOGNATHUS FOEMOSU8 sp. nov. 

Type No. Jfi? ^ ad. St. George, Utah, January 2, 1889. Vernon Bailey. 

Measurements. — ^Total length to end of vertebr®, 195 ; tail vertebrie , 
111, pencil 16; hind foot, 26 (taken in flesh by collector); ear from 
crown, 6 (measured from the dry skin). 

'This is the present measarement of the hind foot in the monuted speciiiion, and 
consequently most be a little less than in life. Baird's measurement (.60 inch) is a 
little too short. 

944^No, I 2 
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Oeneral characters. — Size large; ears very large; autitragal lobe con- 
siderably higher than broad; tail vertebrae a fourth louger thaa head 
and body; tail penicillate, and crested above on the trcriniual third; 
soles en<tirely naked to eud of heels; pelage moderately soft, not so fine 
as in P. olivaceusj and not so harsh as in penicillatus. 

Color. — Above, grizzled yellowish- brown, with an abundant admixture 
of black-tipped hairs (this color reaching down on the arms to the el- 
bows); below, white to roots of hairs; lateral line, faint and narrow; 
tail, bicolor: above, proximal third colored like back, then gradually 
becoming darker until the distal half is dark sooty-brown; below, yel- 
lowish-white, except the pencil, which is dark on both sides. 

Cranial and dental characters. — Mastoids largely developed (ratio of 
mastoid breadth to basilar length of Hensel 76 ; of inter-mastoid breadth 
31.2) ; interparietal pentagonal, with posterior angles rounded, consid. 
erably broader than long (ratio of length to breadth 69); audital bullae 
meeting anteriorly iu a symphysis; mastoid border of parietal longest; 
mastoid bar of squamosal reduced to a mere spicule, which disappears 
above the meatus; coronoid process of mandible minute and depressed— 
not nearly so prominent as in oUvaceus. Upper premolar broader 
than first molar; lower premolar larger than last molar, its crown about 
as broad as long, conspicuously narrower anteriorly than posteriorly, 
its posterior cusp nearly as broad as second molar; last lower molar 
sm'ajler than usual in the group. 

Oeneral remarks. — This elegant species, which I have named Perogna- 
thus/orniosusj is the largest of the subgenus PerognathuSy from all other 
members of which it differs in the. possession of a very long and heavily- 
crested tail, the vertebrae alone measuring one-fourth more than the 
head and body. Its ears also are very long, about equaling those of 
Chcetodipus californUmSj and its soles are entirely naked. In fact, from 
its external characters no one would suspect it to belong to the sub- 
genus Perognathus at all. To use a ^^ Gouesianism," it has the skull of 
a Perognathus in the skin of a Chcetodipus. 

PEROGNATHUS IN^TERMBDIUS sp. nov. 

Type DO. iiUS^ ad. Mad Spring, Arizona, February 26, 1889. Vernon Bailey. 

Measurements. — Total length, 183; tail vertebrse, 106; pencil, 18; 
hind foot, 21 (taken in flesh by collector) ; ear from crown, 4.5 (from 
dry skin). 

Oeneral characters. — Size intermediate between spinatus and penicil- 
latus; tail vertebrae much longer than head and body; tail crested- 
penicillate; soles naked; ears thicker and darker than in penicillatus; 
autitragal lobe large; higher than \)road; lateral stripe present; soles 
naked ; pelage coarse, with slight tendency to become bristly on rump 
(bristles about as in ohscurus). 

Color. — Above, drabgray, faintly suffused with pale fulvous and 
coarsely lined with blackish ; lateral line, pale fulvous ; below, iuclud- 
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iug fore legs and feet, white to roots of hairs. Tail, bicolor ; sooty- 
browu above, whitish beneath. 

Cranial and dental characters. — Skull intermediate in size between 
penicillatua and spinatuSj slightly more arched than that of penicillatus; 
mastoids relatively larger than in either penicillatiis or spinatus; audital 
ballaB separated by a little less than fnll breadth of basisphenoid ; inter- 
parietal strap-shaped, mnch more than twice as broad as long (ratio of 
length to breadth 38.2), its anterior margin only very slightly convex; 
nasals ending posteriorly abont on a line with nasal branch of premax- 
illaries; median and frontal borders of parietal snbequal. Goronoid 
process of mandible rather small. Lower premolar a little larger than 
last molar; its crown about as long as broad ; noticeably narrower an- 
teriorly than posteriorly. Owing to the nearly straight anterior margin 
of tbe interparietal, the parietals are unnsaally long in the median 
line, measaring as much along the sagittal suture as along the frontal 
border. 

Oeneral remarks. — In size and coloration P. intermedins closely re- 
sembles P. spinatusj but it has a distinct, though pale, lateral stripe. 
It has a few small bristles on its rump, but nothing like the long 
grooved spines of spinatus. Its lower premolar is much larger than 
that of spinatusy and squarish instead of subtriangular. It differs from 
penicillatus in size, coloration, and the tendency to develop bristles; 
also in the greater size of the mastoids, and in other cranial proportions. 
From P. ohscurus it may be distinguished by its larger size, longer tail, 
coarser pelage, and by cranial characters. Perhaps its closest affin- 
ities are with P.fallaXj from San Bernardino, Cal., from which it differs 
in being smaller, and ia the smaller size of its ears, hind feet, and rump 
bristles, and in the nearly straight anterior edge of the interparietal. 

PEROGNATHUS FALLAX sp. nov. 

Type ma $ ^' ^- S. National Masenm. From San Bern ardino, Cal., April 21, 
1887. F. Stephens. 

Measurements.— BLe2id, and body, 79 j tail vertebrae, 104 (taken in flesh 
by collector); pencil, 15; hind foot, 24 ; ear from crown, 6 (taken from 
dry skin). 

Oeneral characters. — Size large ; tail crested-penicillate, its vertebrae 
much longer than head and body; ears large, thicker than inpenicillor 
tus; antitragal lobe much higher than broad; soles naked; pelage 
moderately soft (about as in penicillatus), becoming bristly on the rump. 
The bristles are arranged and colored as in spinatus ; they are larger 
than in ohscuruSy but not so large as in spinatus. 

Color. — ^Above, dark grizzled yellowish-brown, profusely lined with 
black; lateral line pale fulvous, covering the upper surface of the 
fore leg ; below, white to base of hairs. Tail bicolor ; above, sooty- 
brown j below, white, 
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Cranial and dental eharaoters.-^Skull large and broad, much arched ; 
mastoids rather small (ratio of mastoid breadth to basilar length of 
Hensel, 73.7; of intermastoid breadth, 44.9), bat slightly larger than in 
penicillattM; interparietal more than twice as broad an long (ratio of 
length to breadth, 45.6) ; audital buUsB separated anteriorly by nearly 
full breadth of basisphenoid ; nasals emarginate posteriorly, extending 
nearly as far back as nasal branch of premaxillaries ; frontal border of 
pmetal longest, median and posterior subequal. Oorouoid process of 
mandible very short, not rising to the level of the condyle. Upper 
tooth row strongly curved, the convexity outward. Lower premolar 
larger than last molar, its crown slightly longer than broad, and nar- 
rower anteriorly than posteriorly. 

General remarks. — In size, length of ear, and coloration this si)ecies 
is intermediate between penicillatus and califomicus. It is nearly as 
dark above as califomicus^ and has the lateral stripe and rump bristles 
of that species. Its skull, on the other hand, is clearly of the penicillor' 
tus type. At the same time it is more arched than that of penicillatus, 
and the plane of the occiput is a little fuller posteriorly. The corouoid 
process of the mandible is very short and low, and the crown of the 
lower premolar longer than broad, as in califomicus. 

PEEOGNATHUS OBSCUfiDS sp. nov. 

Type No. fiff 9 ad. From Camp Apache, Grant County, New Mexico, April 30, 
1886. A. W. Anthony. 

Measurements. — Total length, leS"""* (measured in flesh by collector; 
other measurements from dry skin) ; tail vertebrae about 92 ; pencil, 
11 ; hind foot, 21 ; ear, from crown, 4. 

General characters. — Size rather small, slightly smaller than spinaius ; 
tail crested-penicillate, its vertebrae considerably longer than head and 
body, but relatively shorter than in penicillatus ; ears large, moderately 
well haired; antitragal lobe higher than broad; tragus evident; hind 
feet large and broad; soles naked; whiskers very long, reaching to 
middle of body ; pelage rather soft; hairs of rump very long with tend- 
ency to develop bristles. 

Color. — Above, drab, suffused with pale fulvous, finely and profusely 
lined with blackish ; a pale fulvous lateral stripe ; below, including fore 
legs and feet, white to base of hairs, suffused with very pale fulvous 
or salmon. 

Cranial and dental characters. — Skull rather large and flat, very broad 
interorbitally ; mastoids small (ratio of mastoid breadth to basilar length 
of Hensel, 74.7 ; of intermastoid breadth, 45.9) ; audital bullae sepa- 
rated anteriorly by full breadth of basisphenoid ; interparietal strap- 
shaped, more than twice as broad as long (ratio of length to breadth 
46.6); nasals extending posteriori}' nearly as far as nasal branch 
of premaxillaries; median and frontal borders of parietal longest and 
subequal. Oorouoid process of mandible small. Lower premolar much 
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larger than last molar, its crown broader tban long, and narrower 
anteriorly than posteriorly. 

Oeneral remarks.'— P. ohscurus is one of the few known species l>esides 
gpineUus which show any tendency toward the development of spines 
in the pelage, but the small bristles on its rump are hardly more than 
a step in the direction of the large spines of spinatns. It differs further 
from spinatus in its smaller size, larger head, broader hind foot, shorter 
tail, finer x>elage; in the presence of a pale fulvous lateral stripe and 
a sufifdsion of the same color throughout; in having a larger and flat- 
ter skull ; in having the andital bullae separated by full breadth of basi- 
sphenoid ; in having the lower premolar larger than the last molar and 
its crown longer than broad. 

PEROGNATHUS 8PINATUS sp. nov. 

Type No. JfJ? ^ ad. From Lower Colorado Rirer, California, 25 miles below the 
Needles, March 23, 1889. Vernon Bailey. 

Measurements. — Total length, 179; tail vertebree, 104 ; pencil, 15 ; hind 
foot, 21 (taken in flesh by collector). Bar from crown, 3.5 (measured 
from dry skin). 

Oeneral characters. — Size, rather small; tail crested- penicillate, its 
vertebrae a fourth longer than head and body ; ears moderate, scant 
haired; antitragal lobe large; whiskers long; soles naked; pelage very 
coarse, becoming spinous on the rump. 

Color. — Above, clear drab-gray, grayest on the sides, coarsely lined 
with blackish ; no lateral stripe; under parts, including fore legs and 
feet, creamy white to roots of hairs. Tail sharply bicolor — above, dusky ; 
below, white to end of vertebrae; pencil dusky all round. 

Cranicd and dental characters. — Skull of medium size, considerably 
smaller and more arched than that of penicillatus ; mastoids small (ratio 
of mastoid breadth to basilar length of Hensel, 73.9 ; of intermantoid 
breadth, 48.4) ; interparietal broadly and flatly pentagonal, more tban 
twice as broad as long (ratio of length to breadth, 47.9) ; andital bullae 
separated by less than full breadth of basisphenoid ; nasals ending pos- 
teriorly about on a line with nasal branch of preaaxillaries ; anterior, 
posterior, and median borders of parietals subequal ; palatines notice- 
ably thinner than rest of palate. Coronoid process of mandible very 
smalL Upper molar series straight. Lower premolar smaller tban last 
molar, its crown subtriangular, broader than long, and very much nar. 
rower anteriorly than posteriorly. 

Oeneral remarks. — Perognathus spinatus may be distinguished at a 
glance from all other known species of the penicillatus group by the large 
size of the spines on its rump. These spines are arranged in three 
groups,andareof two kinds, namely: (a) elongated black-tipped bristles, 
with fine awn points, occupying the middle region of the rump on and 
near the median line ; and (Jb) long white spines occupying the sides of 
the rump and situated a little posteriorly to the first mentioned^ JThe 
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wbit-e spines are about 12°^"* in length, and project far beyond the hairs. 
All the spines are grooved lougitudinally. P. obsoums and P. inter- 
medius also have rump spines, but they are much smaller and less con- 
spicuous than in spinatus. Perognathus spinatus is the type of the sab- 
genus Chcetodipus described in the early part of this paper (see p. 5). 

PEROGNATHUS PENICILLATUS Woodhouse. 

Perognathus peneciUatu8 Woodhouse, Proo. Acad. Nat. Sci. Phila., 1852, 200. Tifpe 

from San Francisco Mountain, Arizona. 
Perognathus penicillatus Woodhonse, Rept. Expd. Znfii and Colorado Rivers, Sit- 
greavoB, 1853, 49-50, pi. 3 (based on same specimen as above). 
Baird, Mammals N. Am., 18i)7, 418, 419, pi. xx. Fig. 5. 

Coues, Proc. Acad. Nat. Sci..Pliila., 1875, 2S7-292.— Cones, Monographs N. Am. 
Rodentia, 1877, 504-509. 

Type No. 2676 ^ ad. U. 8. National Mnsenm (mountedy sknll inside.) From San 
Francisco Mountain, Arizona, 1851. Dr. S. W. Woodhouse, 

Measurements (from Woodhouse). — Head and body, 89""* 5 tail verte- 
bra 115 [pencil, 15] ; hind foot 25.5. 

General characters. — Size large: tail crested-penicillate, its vertebrae 
much longer than head and body 5 ears rather large, nearly naked; an 
titragal lobe higher than broad ; soles naked ; pelage moderately coarse 

Color, — Above, "dull light yellowish-brown, or tawny, lined with 
dark brown '^^ below, including fore legs and feet, white to base of hairs ; 
no lateral stripe. Tail bicolor: above, "dark brown;" below, white; 
pencil brown all round. 

Cranial and dental characters, — Unknown (skull inside of mounted 
specimen). 

General remarks. — The above described type of P. penicillatus (still 
in the U. S. National Museum) agrees almost precisely in size, propor- 
tions, and coloration (allowing a little for fading) with a recent speci- 
men Irom the Lower Colorado, which will be here described in order to 
put on record its cranial characters so that they may be available for 
comparison with those of other members of the penicillatus group. 

No. J5oi <? a<J- From Lower Colorado River, Arizona (Norton's, abont 23 miles 
north of Yuma), March 28, 1889. Vernon Bailey. 

Measurements (taken in flesh by collector). — Total length, 207; tail 
vertebrae, 115 ; pencil, 17; hind foot, 25 ; ear from crown, 5.5 (taken from 
dry skin). 

General characters. — Size, large ; tail, crested-penicillate ; its verte- 
brae longer than head and body ; ears large, nearly naked ; antitragal 
lobe higher than broad, a small tragal lobe ; sole naked ; whiskers long, 
extending beyond shoulders ; pelage moderately coarse, not becoming 
bristly on rump ; no spines anywhere. 

(7oZor.— Above, drabgray, faintly suffused with light tawny, and 
finely lined with dusky ; below, including fore legs and feet, pure white 
to base of hairs ; no lateral stripe. Tail sharply bicolor: above, dusky; 
below, white; pencil dusky all round. ^ j 
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Cranial and dental characters. — Skull large, rather flat; mastoids 
small (ratio of mastoid breadth to basilar leuj^th of Ebnsel 69.1 ; of in- 
termastoid breadth 45); aadital ball» separated anteriorly by fall 
breadth of basispheDoid ; iaterparietal broadly pentagonal, more than 
twice as broad as long (ratio of length to breadth 46.6) ; nasals not 
reaching so far back as nasal branch^of premaxillaries ; anterior and 
posterior borders of parietals snbequal in length. Ooronoid process of 
mandible moderately developed, rather thick. Lower premolar larger 
than last molar ; crown broader than long,* narrower anteriorly than 
posteriorly ; first molar a little larger than second ; third abont half as 
large as second. 

General remarlcs, — It must be borne in mind that the skull of Wood- 
house's type has not been examined, and conseqaently that there is a 
possibility,^ however remote, that it differs in important particulars from 
the one here^ described. This point can not be absolutely settled until 
either the skull is removed from the mounted type or additional speci- 
mens are collected from the type locality, San Francisco Mountain, 
Arizona. This locality is about 230 miles distant from the point on the 
Lower Colorado River where the specimen here described was ob- 
tained. 

PEROGNATHU3 HISPIDUS Baird. 

Perognathus hispidus Baird, Mamm. N. Am., 1857, 421-422 (type from Charco Escon- 
dido, Mexico). 
Type No. ^fi^ 9 U. S. National Mnsenm. From Charco Escondido, Mexico. 
Collected by Lieut. D. N. Couch. 

Measurements.^HeRd and body, 79"" ; tail, 72+ (terminal portion 
broken off); hind foot, 21.5 (taken in flesh by collector); ear from 
crown, 4.5 (measured from dry skin). 

General characters. — Size, rather large, abont equaling P. formosus; 
hind foot remarkably broad and short ; tail probably a little longer than 
head and body, not crested-penicillate ; ears moderate, thick; antitra- 
gns lobed; soles naked ; pelage harsh, but not much coarser than in 
P. paradoxus. 

Color, — "Above, mixed cinnamon and black,'' not unlike paradoxus ; 
a fulvous lateral stripe; under parts, including fore legs and feet, white 
to roots of hair. Tail distinctly bicolor: above, dark ; below, whitish. 

Cranial and dental characters. — Skull large ; vault of cranium nearly 
flat; mastoids moderately devtloped — larger than in the penicillaius 

• SpeoimeDB from tbe Colorado Desert in California, and from the Lower Colorado 
River region in Arizona from Fort Mojave northward, have the crown of the lower 
premolar longer than broad, while those from the region about Yuma have the crown 
broader than long. Possibly these two forms are deserving of separation, but it is 
deemed best to await the actual determination of this and other characters until 
specimens o( penicillatus are secured from the type locality (San Francisco Mountain). 

f This possibility is suggested by the very close external resemblance of P. formosus 
and P. californicuSf species which really belong to widely diiferent sections of the 

genos. as shown by their cranial characters. /^^ ^^^T^ 
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group, but not so large as in olivaceus and fasciatus; interparietal 
broadly pentagonal (ratio of length to breadth 54.2) ; audital bullae 
separated anteriorly by full breadth of basisphenoid ; nasals not ex- 
tending so far posteriorly as nasal branch of premaxillaries. Coronoid 
l^rocess of maudible long and sharp ; condylar ramus nearly horizontal, 
upper edge turned down posteriorly. Lower premolar larger than last 
molar, its crown squarish ; second lower molar a little larger than first. 

Note. — Professor Baird included under the head of P. hispidus another specimen, 
collected at Matamoras, Mexico, by Dr. Berlandier, which I am by no means con- 
vinced is specifically the same. This specimen (No. V^^ft^ U. S. National Mnseam) is 
not considered here. The above description, both of skin and skull, rests solely ou 
Baird*s typo from Charco Escondido. Its skull, unfortunately, is broken in two trans- 
versely at the fronto-parietal suture. Both ends remain, however, together with the 
jaws, so that the important characters may still be seen. 

PBROGNATHUS PARADOXUS sp. nov. 

Perognathus fasciatus Baird Inot of Max. Wied], Mammals N. Am., 1857,420-421. 
Type -ftVi 9 . Trego County, Kansas, October 17, 1884. A. B. Baker. 

Measurements. — Head and body, 100; tail vertebrae, 105; hairs, 2.5 
(taken in flesh by collector); hind foot, 26; ears from crown, 5.5 (from 
dry skin). 

General characters, — Largest known species; ears large, with anti- 
tragal lobe higher than broad ; tail a little longer than head and body, 
not crested or penicillate; soles naked along the median line, bat h<iirs 
on sides of heel concealing the bare portion ; pelage harsh ; whiskers 
short. 

Color. — Above, yellowish-brown, coarsely lined with black; sides ful- 
vous ; under parts, including fore feet, white to base of fur. Tail bi- 
color : above, fuliginous ; below, whitish*. 

Cranial and dental characters. — Skull large and heavy, moderately 
arched, much higher than that of any other species, with a slightly 
elevated supra-orbital ridge or bead; mastoids relatively small (ratio of 
mastoid breadth to basilar length of Hensel 66.2; of iutermastoid 
breadth 37.9) ; interparietal large and broadly pentagonal (ratio of 
length to breadth 50.3) ; audital bullae separated by less tban full 
breadth of basisphenoid; nasals ending posteriorly almost on a line 
with nasal branch of premaxillaries ; median border of parietal longest ; 
coronoid process of mandible long, hooked, and directed strongly out- 
ward. Lower premolar about the size of last molar (possibly a little 
smaller), its crown squarish, a little narrower anteriorly than poste- 
riorly. Second molar slightly larger than first, [This is much more 
noticeable in the young before the cusps have been worn down.] 
Arranged in order of size, the lower molariform series stands as fol- 
lows, beginning at the largest: m 2, m 1, m 3, pm. 

General remarks, — This is the species which Baird wrongly identified 
as P. fasciatus Max. Wietl, by which name it has been /^nown il^ the 
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present time, as already explained in the introductory portion of this 
paper. It is the largest of the group. Its skull departs somewhat 
from the type exhibited by the other species, as may be seen from the 
accomi)anying figure. This is due principally to the mastoids, which 
are relatively smaller than those of any other species except caUforni- 
eus. As in call/omicuSj also, the cranium is conspicuously broader just 
ill front of the auditory meatus than posteriorly ; in all other species it 
is only slightly broader at this point. The well-marked supraorbital 
bead is found in no other species, though it exists also in the subspecies 
gpihtus. 

Baird's original specimen from Chihuahua (No. 1061, TJ. S. Nat. Mus.) 
agrees surprisingly well with specimens from western Kansas, the only 
noticeable difference being that its tail is less distinctly bicolor, is more 
heavily haired, and the hairs are somewhat longer. 

PEROGNATHUS PARADOXUS SPILOTUS subsp. nov. 

Type, skin, 5293 9 ad. From GaiQesville, Cook Coouty, Texas; October 8, 1886. 

G. H. Ragsdale. 
Sknn 23096 $ yg. ad. U. S. Nat. Mus. Gainesville, Cook County, Texas. G. H. 
Ragsdale.* 

Measurements. — Total length, 196f tail, 95 (taken in flesh by collector); 
hind foot, 23; ear, from crown, 5 (from dry skin). 

General characters, — Size a little smaller than P. paradoxus; propor- 
tions aboQt as in that species ; soles naked. 

Color, — Above, dark yellowish-brown, heavily and coarsely lined 
with black. Fulvous sile stripe darker and broader than in paradoxusy 
encroaching well ui>on the belly and including the fore legs. Tail sharply 
bicolor : above, fuliginous ; below, yellowish- white. The ears are orna- 
mented by a blackish spot near the middle of the incurved upper sur- 
face. 

Cranial and dental characters, — Skull slightly smaller than that of 
paradoxus ; narrower (ratio of mastoid breadth to basilar length of 
Hensel, 63; of iutermastoid breadth, 37.3); nasals narrower anteri- 
orly, and extending posteriorly as far as the nasal branch of the pre- 
maxillaries; supra-orbital bead as in paradoxus; interparietal smaller 
and more rounded posteriorly (ratio of length to breadth 57.5); audital 
ballse separated anteriorly by less than breadth of basisphenoid, as in 
paradoxus; basioccipital narrower anteriorly ; frontal border of parietal 
longest Mandible lighter, with condylar ramus shorter and directed 
much more obliquely upward ; angle less spreading. Dentition as in 
P. paradoxus. 

General remarks. — Perognathus paradoxus spilotus is a well-marked 

" Unfortunately, my skins of P, paradoxus spilotus are not accompanied by skalls. 
The National Moseam, however, has a skull (No. 23096) from the same locality, which 
has famished the basis for the present description. 
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subspecies, which may be easily distinguished by its darker coloration^ 
by the blackish spot ou each ear, by the shortness of its hind foot, and 
by the fact that the tan-colored lateral stripe extends out on the fore 
leg to the wrist, while in P. paradoxus the fore leg is entirely white. 
It« darker coloration and spotted ears make it a much handsomer animal 
than P. paradoxus. 

PEROGNATHUS OALIFORNIOUS sp. nov. 

f Cricetodipus parvus, Peale, Rept. Mamm. aud Omith., U. S. £xpl. Ezpd., WilkeB, 
VIII. 1848, 52-54. 

Type Hi} 9 • Berkeley, CaUfornia. Nov. 8, 1888. T. 8. Palmer and Charlee A. 
Keeler. 

Measurements. — Total length, 186"™ (end of tail broken off); hind 
foot, 24 ; ear, -6. [Another specimen from same place, !N"o. 5613 S : 
Total length, 195; tail vertebrse, 101 ; hind foot, 24; ears, 6.5.] 

Oeneral cJiaracters. — Size, large ; ears very large, with antitragal lobe 
considerably higher than broad ; tail vertebrae longer than head and 
body ; tail slightly crested and penicillate ; pelage harsh, with white 
spines ou the sides of the rump ; soles broad, naked to heel. 

Color. — Above, dark grizzled yellowish-brown, lined with black ; be. 
low, white to base of hairs ; a pale fulvous lateral stripe ; color of the 
back reaching elbows. Tail sharply bicolor, sooty-black above, white 
beneath. 

Cranial and dental characters. — Skull long and narrow, much arched; 
mastoids very small (ratio of mastoid breadth to basilar length of flen- 
sel, 74; of intermastoid breadth, 48); interparietal large, convex 
posteriorly, about twice as broad as long (ratio of length to breadth, 
50.5), occiput projecting considerably behind mastoids ; audital bullae 
separated anteriorly by full breadth of basisphenoid ; nasals deeply 
emargiuate posteriorly, not reaching quite so far back as nasal branch 
of premaxillaries ; anterior and posterior borders of parietal longest 
and subequal ; coronoid process of mandible short ; condylar ramus 
nearly horizontal. Lower premolar slightly larger than last molar; its 
crown longer than broad and narrower anteriorly than posteriorly ; an- 
terior cusp well separated from posterior ; first molar larger than sec- 
ond ; third more than half as large as second. 

Oeneral remarks. — This species, which has been heretofore confounded 
with P. monticola of Baird, resembles P. formosus in size and color, 
ttiough darker, and having a shorter, less crested, and more sharply bi- 
color tail, which is blackish above from the very base, instead of on the 
terminal half only. Its skull differs materially from that of any other 
member of the group, aud approaches P. paradoxus more closely than 
any other species. The white spines on £he sides of the rump are about 
as large as in P.fallax. 
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PEROGNATHUS ARMATUS sp. nov. 

Type bV/t 9 ad. Mount Diablo, California, March 28, 1882. W. E. Bryant. 

Measurements. — Total length, about 160; head and body, about 70; 
tail vertebrcB, about 90 ; pencil, 15 ; hind foot, 24 ; ear from crown, 7 
(from well-made skin). 

General characters. — Size a little smaller than P. californicus ; ears 
very large, with antitragal lobe higher than broad ; tail crested-pen- 
icillate; its vertebrie much longer than head and body; soles broad, 
Dakeil to heel; pelage coarse, with white spines on the flanks and 
sides of the rump. 

Color, — Above, very dark-grizzled yellowish-brown, heavily lined 
with black (much darker than any other species); below, white to 
roots of hairs; a very pale fulvous lateral stripe, which reaches upper 
surface of fore leg. Tail sharply bicolor : above, sooty ; below, white; 
pencil, dark all round. 

Cranial and dental chara^ctertt. — The occipital portion of the skull 
is absent, together with part of the interparietal, so that no impor- 
tant measurements or ratios can be taken. The mastx)ids are small, 
and the audital bullae are separated anteriorly by nearly the full 
breadth of the basispheuoid. The parietals are longer on the sagi- 
tal sature than in californicus ; in fact, the anterior, median, and pos- 
terior borders of the parietal are fairly subequal. Coronoid process 
of mandible short and stout. Lower premolar larger than last molar, 
its crown longer than broad, with the anterior cusp well separated 
from the posterior, as in californicus. 

General remarl's. — P. armatus differs from P. californicus in smaller 
size, with relatively larger hind feet and ears ; in darker color, and 
in the forward extension of the white spines along the flanks almost to 
the middle of the body. The color of the upper parts does not extend 
so far down on the sides as in californicus. The greater length of the 
parietals along the median line is another character of importance. 

Possibly future collections will show that P. armatus grades into 
P. californicus. If so, it will have to stand as a subspecies. 

UNDETERMINED SPECIES. 

In order to complete the present revision of the group I here intro- 
duce descriptions of the three remaining species which have been named 
but which I have not seen. Whether they all refer to the same si)ecies, 
and what their nearest congeners are, can not be determined from the 
material now at hand. None of their skulls have been described. All 
three came from the Pacific province, from northern California north- 
ward.* 



"Nearly fifteen years ago Cones made tho following statement, which is equally 
true to-day : *' Specimens of any Saccomyine form from Oregon and Washington Ter- 
ritory are at present special desiderata." ^^ j 
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PEROGNATHUS PARVUS (Peale). 

Cricetodipus parvus Peale, Rept. Mamm. and Oniith., U. S. Expl. Expd., Wilkes, vin, 
1848, 52-54. 

The type of Peale's Cricetodipus parvus is supposed to be not extant 
It was a very young animal, as shown in au early part of the present 
paper (under History and Komenclaturey p. 3, foot-note), and its measure- 
ments iudicate that it was one of the larger species of the group. 

Following is Peale's original description : 

Head ovate ; the BDoat eloD^^ate, pointed, and covered with hair, excepting the 
nostrils, which are small and convolute ; lips large, tamid, and covered with short 
hairs; whiskers numerons, white; a tuft of white hairs or bristles on the chin; 
cheek-pouches spacious, opening outside of the mouth, and reaching from the upper 
lip to the throat; the cavity extending backwards to the ears, and lined with hair; 
ejes medium size ; ears small, round, and fringed with hairs; fore legs small, the feet 
moderate, margined with bristly hairs ; the nails short, carved, excepting that of the 
thumb, which is orbicular, or resembling the human thumb-nail ; hind legs long ; the 
feet large and strong, five-toed ; the middle one slightly longer than the rest ; inner 
toe shortest, reaching only to the end of the metatarsal bones of the others ; all the 
nails short, pointed, and slightly curved ; tail long, tapering, and clothed with 
short silky hairs. Color above, sepia-brown ; beneath, white ; a dark line crosses the 
cheeks beneath the eyes. 

Length of the head and body, l^^ inch ; head from the noso to the oocipnt, -)^,t inch ; 
ears, ^ inch; tail, 2i^ inches; fore leg from the elbow, ^q inch; fore foot, ^ inch; 
tibia, -jV ^^^^ t hJod foot, -,^j inch; metatarsus, -fif iach.* 

A single specimen of this singular animal was obtained in Oregon, but no notes 
were furnished by the person who obtained it. The formation of its hind legs leaves 
bnt little room to doubt that its habits are similar to the jumping mice, Merione$ 
Labradorins (Richardson), which are inhabitants of the same region. Its singnlsrly 
large head, which equals its body in bulk, its ample cheek-pouches, long hind legs, 
and long tail, present a general form which is peculiar and altogether very re- 
markable. On dissection, the stomach was fonnd to contain a pulpy matter, which 
api)eaied to be the remains of a bulbous root ; the liver is very large, and consists of 
five foliaceous lobes ; we were not able to detect any gall-bladder. The specimen is 
a female, and presents the rudiments of a fourth molar tooth in each side of the lower 
jaw, which would eventually have replaced the front ones, already much worn, 
{Ptale, Rept. Mamm. and Ornith., U.S. Expl. Expd., Wilkes, viii, 1«48, 59-54.) 

PEROGNATHUS LORDI (Gray). 

Abromys lordi Gray Proc. Zool. Soc. London, May, 1868, 202 (type from British 
Columbia). 

Gray's description of this animal is as follows : 

Fur soft, abundant, gray- washed, with blackish tips ; chin and underside of body 
whitish ; tail tapering, gray, with blackish- brown upper surface and tip; hair of the 
back dark lead-colour, with a short gray band and minute black tip. * * • The 
teeth destroyed. Length of body and head 3 inches ; of tail 3 inches. It differs from 
Dipodomya phUlipsii and other species of that genus iu having no white spot over the 
eye at the base of the ear, or white band across the thigh. 



* The most important of the»e measurements, reduced to millimeters, are : Head and 
body, 4S; head from nose to occiput, 23; tail, 58; hind foot, 20.5. 



Digitized by VjOOQIC 



OcTOBBE, 18W.] BEVISION OF THE GENUS PEROGNATHUS. 29 

Mr. Oldfield Thomas^ curator of mammals in tbe British Maseam, 
has had tbe kindness to re-examine, at my request, tl^e type of Abro- 
mys lordi^ and his letter in regard to tbe same has reached me just as 
this mauoscript is about to go to press. Mr. Thomas writes : 

I hare the type of Ahromys lordi before me. It is a PerognathuSt aud, so far as I oan 
make oat {roin Coaes's description, is the same as P. monticola.* Its dimeasioos are : 
Head and body, 74""»; tail vertebrie (perfect), 81"»"; Wind foot with claw, 21.8 ; ear from 
crown, 6.5. Tbe ear appears to be jast as Cones describes, with a marked anti tragus, 
bat no anterior projecting lobule. The distance from the tip of the nasals to the 
back of one of the ball® is 25.5™™. 

PBBOGNATHUS MOLLIPILOSUS Cones. 

Perognaikua numliooJa Cones, Proc. Acad. Nat. Sci. Phila., 1875, 293-296. 
Pero§natkus mollipilo9us Cones, Proc. Acad. Nat. Sci. Phila., 1K75, 296 (provisional 

name, based on specimen from Fort Crook, Cal. ).— Cones, Monographs N. 

Am. Rodentia, 1877, 509-312 (same as above). 
Type No. 7251 9, U. 8. National Mnseum, Fort Crook, Cal.t 

Measurements. — (From Goaes) Head and body, 64; tail vertebrsB, 82; 
hind foot, 20.5. 

General characters. — (From Cones) Size rather small ; tail vertebrsB 
longer than head and body; tail not crestedpenicillate ; ^'antitragus 
with a great, flat, ronnde^, upright lobe"; pelage very soft and smooth ; 
soles naked. 

Color. — (From Cones) "Above yellowish-cinnamon lined with black- 
ish, the latter predominating; below, white"; "color of upp>er parts de- 
scending on the fore leg to the wrist"; a pale fulvous lateral stripe; 
"tail bicolor to correspond with the body colors." 

Cranial and dental characters. — (Not given.) 

Qeneral remarks.-^My opinion is that this animal will prove to be 
identical with P. lordij and both may be the same as P. parvus of Peale. 

* As I have already pointed out, P. monticola of Cones is a very different animal from 
P. monticola of Baird, and mnst stand as P. moJlipilo8U8f which see. 

t This specimen should be in the National Museum, but Mr. F. W. True, curator of 
mammals, informs me that its number is wrong, and that it cannot be found. 
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PLATE I. 

(All double natural size.) 

1. (4445) $ Perognathus fa8ciatu9 Max. Wieil. Duplicate ti/tw. Fort H.iford, Dak. 

2. (r)027) ^ rerognathua fanciatu8 Jlavcsctns 'MQVvinm. Type. Kennedy, Ncbr. 

3. (5047) ^ Pcrognathns flavua Baird. Mason, Tex. 

4. (3572) $ rerognathus longimemhris Cones. San Bernardino, Cal. 

5. (41>S4) ^ Pirognatlms apavlie ^liivfvAxw. Type. Apache Connty, Ariz. 
G. (23790) (^ Perognaihua inornatuH yii^vYmm. Type. Fresno, Cal. 

7. (5827) 9 Perognathua californicus Merriam. Tyjie. Berkeley, Cal. 
30 
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PLATE II. 
(All double natural size.) 

8. (&623) ^ Perognathus olivaceua Merriam. Tifpe, Kelton, Utah. 

9. (r>795) ^ Perognathus oUvaceua amwnua Merriam, Type, Neplii, Utah. 

10. {VJdh) $ Perognathv8 monticola Baird. Type, St. Mary's Mission, Montana. 

11. (5908) ^ Perognathue formosua Merriam. Type, St. George, Utah. 

12. (226S4) <J Perognathus fallax Merriam. Type, San Bernardino, Cal. 

13. (6000) ^ Perognathu^ iniermediu9 Merriam. Type, Mad Spring, Arizona. 

32 
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PLATE in. 
(AH double natnrml sise.) 

14. (2848) $ Perognatkua oUcurui Merriam. Type. Qrant Connty, N. Mex. 

15. (6137) ^ Perognaihua $pinatu$ Merriam. I)fpe, Lower Colorado River, Arizona. 

16. (6206) ^ PerognathuB penicillatus WoodhouBb, Lower Colorado River, Arizona. 

17. (1696) $ Perognaihus hispidus Baird. Type, Charco Esoondido, Mexico. 

18. (1544) $ Perognatkua paradoxus 'Uerritkin. Type. Trego County, Kans. 
19.(23096) $ Perognaihua paradoxus apilotua Merriam. J)/pe. Cook County, Tex. 

34 
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PLATE IV. 
(Enlarged about ten timaa.) 

Perognathud (ChcBtbdipua) ohscurtu Merriam. (All from Apache, Qrant County, 
New Mexico.) 
a = left upper molariform series. 
5= left lower molariform series. 
Fifi:. 1 (skull No. 2855). Toung (viewed obliquely firom the side). Shows the 
long deciduous premolar iu the under Jaw, aod also the tri-tuberculate 
cusps of the molars, which are early worn away, leaving the crowns flat 
(as shown in the succeeding figures). 
Figs. 2, 3, 4, 5, aod 6 are camera lucida outlines of the crowns of the teeth, 
showing successive stages of wear. Id Fig. 2 the permanent lower pre- 
molar has Just reached the level of the crowns of the other teeth. 
Fig. 2 (skull No. 2854) ; 3 (2853); 4 (2851); 5 (2848 type) ; 6 (2849). 
36 



Digitized by VjOOQIC 



North Am«rican Fauna, No. 



Plate IV. 











Perogmtlius (Chcrtodlpus )ob8corns Merriam. 

ErouL Grsnb CoTmig^^Hev Mexico. 

IMarlfora taetli allowing the changes of form and outline 
resolting frcm the wearing down of fhe crowna with«go. 
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U. S. Department op Agbicultuee, July 17, 1889. 
Sib : I have the honor to transmit herewith No, 2 of North Ameri- 
can Fauna. It containa descriptions of a new genas, twelve new 
species, and one new snb-species; and also a diagnosis of the genus 
OnychomySj and a synopsis of the known forms. 
Respectfully, 

C. Hart Merriam, 

Chief of Division of 
Ornithology and Mammalogy. 
Hon. J. M. Busk, 

Secretary of Agriculture. 
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DESCRIPTIONS OF TWO NEW SPECIES AND ONE NEW SUBSPECIES OF 
GRASSHOPPER MOUSE, 

WITH ▲ DIAGNOSIS OF THE GENUS ONYCHOMYS, AND A SYNOPSIS OF. THE SPECIES 

AND SUBSPECIES. 



By C. Hart Mebriam, M. D. 



A. DBSCRIPTIONS OF NEW SPECIES AND SUBSPECIES. 

ONYCHOMYS LONGIPES sp. nov. 

(Texas Grasshopper Mouse.) 

Type an 9 ad. Merriam Collection. Concho County, Texas, March 11, 1887. 
Collected by William Lloyd. 

Measurements (taken in the flesh by collector).— Total length, 190"™ ; 
tail, 48 [this measurement seems to be too short] ; hind foot, 25 j ear 
from crown, 13 (measared from dry skin). 

General characters. — Size larger than that of the other known repre- 
sentatives of the genns, with larger and broader ears, and much longer 
bind feet. Ears less hairy than in 0. leucogaster^ with the lanuginous 
tnfl; at base less apparent ; tail longer and more slender. 

Color.— Above, mouse gray, sparingly mixed with black-tipped hairs, 
and with a narrow fulvous stripe along each side between the gray of 
tbeback and white of the belly, extending from the fore-legs to the root 
of the tail; under parts white. 

ijtanial chara^cters, — Skull longer and narrower than that of 0. leuco- 
gaster (particularly the rostral portion), with much longer nasals, and a 
distinct supraorbital '* bead" running the full length of the frontals and 
there terminating abruptly. The nasals overreach the nasal branch of 
the premaxillaries about as far as in lettcogaster. The incisive foram. 
ioa, as in 0. leucogaster, barely reach the anterior cusp of the first 
molar. The roof of the palate extends further behind the last molar 
tban in leucogaster^ and gives off a median blunt spine projecting into 
^be pterygoid fossa. The palatal bones end anteriorly exactly on a line 
2541— No. 2 1 1 
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with the interspace between the first and second molars. The presphe- 
noid is excavated laterally to sach a degree that the middle portion is 
rednced to a narrow bar less than one-third the width of its base. The 
condylar ramns is lower and more nearly horizontal than in leucogaster^ 
and the angnlar notch is deeper. The coronoid process resembles that 
of leucogaster. 

ONTCHOMXS LONGIOAUDUS sp. nov. 

(Long-tailed Grasshopper Mouse.) 
Type ilU S ad. St. George, Utah, Jannary 4, 18H9. Collected by Vernon Bailey. 

Measurements (taken in the flesh by the collector). — ^Total length, 145; 
tail, 56 ; hind foot, 20 ; ear from crown, 10 (measured from dry skin). 

General characters. — Similar to 0. leucogastei^j but smaller, with longer 
and slenderer tail. Pelage longer, but not so dense. General color 
above, cinnamon-fawn, well mixed with black-tipped hairs. 

Cranial characters. — Skull smaller and narrower than that of O. leuco- 
gaster; zygomatic arches less spreading; nasals less projecting behind 
nasal branch of premaxillaries. The coronoid and condylar processes 
of the mandible are shorter, and the coronoid notch is not so deep as 
in leucogaster. The presphenoid shows little or no lateral excavation. 
The incisive foramina do not quite reach the plane of the anterior cusp 
of the first molar. The shelf of the palate projects posteriorly consid- 
erably beyond the molars, and terminates in a nearly straight line with- 
out trace of a median spine. 

ONYCHOMYS LEUCOGASTER MELANOPHRYS subsp. nov. 
(Black-eykd Grasshopper Mouse.) 

Type, JilJ ^ ad. Kanab, Utah, December 22, 1888. Collected by Vernon BaUey. 

Measurements (taken in the flesh by collector). — Total lengthy 154; 
tail, 41 ; hind foot, 21. Ear from crown 10 (measured from the dry skin). 

Size of 0. leucogaster. Ear a little smaller. Hind foot densely furred 
to base of toes. Color above, rich tawny cinnamon, well mixed with 
black-tipped hairs on the back, and brightest on the sides; a distinct 
black ring round the eye, broadest above. This ring is considerably 
broader and more conspicuous than the very narrow ring of leucogaster. 

Cranial characters. — Skull large and broad; very similar to 0. leuco- 
gaster in size and proportions, but with zygomatic arches less spread- 
ing posteriorly, interparietal narrower, nasals not reaching quite so far 
beyond the nasal branch of premaxillaries, and antorbital slit narrower. 
Presphenoid moderately excavated, as in leucogaster. The incisive fo- 
ramina reach past the plane of the first cusp of the anterior molar. The 
condylar ramus is longer and directed more obliquely upward than in 
leucogaster^ with the coronoid and infra-condylai* notches deeper. 

Note, — In order to render the preceding diagnoses of new forms 
more useful, the following brief descriptions of the skulls of the two 
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remas ly known species are appended for comparison, together with 
figures of the skull of the type of the genus (0. leucogaster) : 

Onydtownfs leueogatter Max. — Sknll large and broad, with zygomatic arohee spread- 
ing posteriorly. Antorbital slit larger than in the other known species. Palate 
hort, ending posteriorly in a short median spine (see figure). 

Omjfefunnys torridus Cones. — Sknll small , narrow, with zygomatic arches not spread- 
ing, and vanlt of cranium more ronnded than in any other member of the genus. In- 
terparietal relatively large. Nasals projecting far beyond nasal branch of premaxil- 
lary. Incisive foramina very long, extending back to second cusp of first molar. 
Shelf of palate produced posteriorly nearly as far as in longioauduSf and truncated, 
fresphenoid slightly excavated laterally. Mandible much as in Umgicaudus^ but 
with ooroQoid process more depressed and condylar ramus more slender. 

B. DIAQNOSIS OF TEQEI QENUS OmrCHOBCTS. 

The striking external differences which distinguish the Missouri 
Grasshopper Mouse from the other White-footed Mice of America 
{Hesperomya anct.) led its discoverer, Maximilian, to place it in the 
genus Hjg^tbdcBus (^Evotomys^ Ooues), and led Baird to erect for its re- 
ception a separate section or subgenus, which he named Onychorwys, 
Coues, the only recent monographer of the American Mice, treats Ony- 
(komys as a subgenuSj and gives a lengthy description of its characters. 
Since, however, some of the statements contained in this description 
are erroneous, and the conclusions absurd,* and since the most impor- 
tant taxonomic characters are overlooked, it becomes necessary to re- 
define the type. A somewhat critical study of the cranial and dental 
characters of Onychomya in comparison with the other !N'orth American 
White-footed Mice has compelled me to raise it to full generic rank. 
It may be known by the following diagnosis : 

Genus ONYCHOMYS Baird, 1857. 

Baird, Mammals of North America, 1857, p. 457 (fu&genus). 

l)fp€t H}fpuicBU9 Uuoogatier, Max. Wied, Reise in das innere Nord Amerika, n, 

1841, 99^101 (from Fort Clark, Dakota). 
Hesperwnys anct. 

First and second upper molars large and broad ; third less than half 
the size of the second. First upper molar with two internal and three 
external cusps, the anterior cusp a trefoil when young, narrow, and on a 
line with the outside of the tooth, leaving a distinct step on the inside. 
Second upper molar with two internal and two external cusps, and a 
narrow anteroextemal fold. Last upper molar subcircular in outline, 
smaller than in Eesperomys^ and less indented by the lateral notches. 

* Coaes says : ** Although unmistakably a true Murine, as shown by the cranial and 
other fundamental charact-ers, it nevertheless deviates much from Mus and Hesper- 
omtfSf and approaches the Arvicolines. Its affinities with Evotomya are really close.'' 
(Monographs of North American Rodentia, 1877, p. 106.) As a matter of fact, Ony- 
ekomya has no affinities whatever with EvoiomySy or any other member of the Arvico- 
line series, its departure from Heaperomys being in a widely different direction. 
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Lower molar series much broader than in Hesperomys. First lower 
molar with an anterior, two internal, and two external casps, and a 
postero-internal loop. In Hesperomys the anterior cusp is divided, so 
that there are three distinct cusps on each side. Second lower molar 
with two internal and two external cusps, an anteroexternal and a pes- 
tero internal fold. Third lower molar scarcely longer than broad, sub- 
circular in outline, with the large posterior lobe of Hesperomys re<luced 
to a slight fold of enamel, which disappears with wear. 

Coronoid process of mandible well developed, rising high above the 
condylar ramus and directed backward in the form of a large hook 
(see accompanying cut). Kasals wedge-shaped, terminating posteri- 
orly considerably behind the end of the nasal branch of the premaxil- 
laries. 




\sg^ 



Fig. 1. Fig. 2. 

1. Lower jaw of Onyehomya leueogcuter. 2. Lower jaw of Hesperomyt leueopu*. 

Body much stouter and heavier than in Hesperomys. Tail short, 
thick, and tapering to an obtuse point. 

Fore feet larger than in Eesperomys; five-tuberculate, as usual in the 
Murine series. Hind feet four-tuberculate, and densely furred from 
heel to tubercles. Tubercles phalangeal, corresponding to the four an- 
terior tubercles of Eesperomys^ that is to say, the first is situated at 
the base of the first digit, the second at the base of the second digit? 
the third over the bases of the third and fourth digits together, the 
fourth at the base of the fifth digit. The fifth and sixth (or metatarsal) 
tubercles of iTe«peromy« are altogether wanting. 

C. STNOPSIS OF SPECIES AND SUBSPECIES. 

(1) By External Cuaractkrs. 

Length, about ISO*"™ ; tail, aboat 40 ; hind foot, about 21 ; ear from crown, 10. Color 
above, mouse-gray ; black ring around eye inconspicuous O. leucogaaier. 

Size of 0, leuoogaster. Color above, rich tawny cinnamon, brightest on the sides; 
black ring round eye conspicuous 0. leucogiuter melanophryt. 

Length, about 145™"^ ; tail, about 55 ; hind foot. 20 ; ear from crown, 10. Color above, 
cinnamon fawn O. longicaudut. 

Length, about 190™"'; tail, about 50; hind foot, 25; ear from crown, 13. Color 
above, mouse-gray, with a narrow fulvous stripe along the sides O. longipes* 

Length, about 135™"» ; tail, about 45; hind foot, 20; ear from crown, 10. Color 
above, uniform dull tawny cinnamon ; no black ring around the eye. Tail thick 
with a dark stripe above reaching three-fourths its length ; rest of tail white. 

O. torridv*' 
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REVISION OP THE GENUS 0NYCH0MY8. 



(2) By Crakial Characters. 



Palate ending ! 
posteriorly \ 



with a blunt me- S * distinct supraorbital bead longipes. 

spine ^ ^^ distinct supraorbital bead leucogasier, 

i skull large and broad melanophrys. 
I incisive foramina barely reach plane 
sknU smaller of first molar longicaudua. 
and nar- ^ 
lower I inci8iT<^ foramina reach second cusp 
I of first molar torridus. 



Cranial measurements of the known forms of the genus Onythomye. 



BMiUr length of Hensel (from foramen magnnm to incisor) 

ZjKomatlc breadth 

Greatcflt parietal breadth ..,-. 

iDterorbital conatriotion ■ 

Leuj^hof nasals 

Incuor to post-]>alatal notch 

fteamen magnum to incisive foramina 

Foramen majamm to palate 

Length of npper molar series (onalveolsB) 

Length of incisive foramina 

Length of mandible 

Height of coronoid process fh>m angle 

Batios to basilar length: 

Zygomatic breacreh 

Parietal breadth 

Nasals 

Molar series (onalveohe) 

Incisive foramina 

Foramen magnnm to incisive foramen 

Foramen magnum to palate 



O. leucogastei, 
FortBuford, i 
Dakota. 



Melanophrys, 
Kanab, u tah. 



Long! pes, 
Concho 
County, 
Texas, 



4418$ I 4419^* SSSSd" I 58&4J I 3839$ 



22 
15 
12.9 

4 5 
10.8 
12 
14.7 

9.7 

4.5 

5 
15.5 

«.5 

68.1 

58.9 

49 

20.4 

22.7 

66 

44 



Basilar length of Hensel (from foramen magnnm to incisor) . I 

Zygomatic oread th .- 

Greatest parietal breadth 

Interorbital constriction 

Length of nasals 

Ineiaor to poet>palatal notch . . 

Foramen magnnm to incisive forunina 

Foramen magnnm to palate 

Length of upper molar series (on alveolse) 

Length of incisive foramina 

Length of mandible '. , 

Height ofcoronoid process firom angle 

Batios to basilar length : 

Zygomatic breadth 

Parietal breadth 

Kasals 

Molar series (on alveole) » 

Incisive foramina 

Foramen magnum to Incisive foramen 

Foram en magnum to palate 



22 


22.3 


21.6 


15.2 


15.4 


15.5 


12.7 


12.8 


12.5 


4.5 


5.2 


4.8 


11.6 


10.7 


10.7 


12 


11.7 


11.5 


14.6 


15 


14.5 


10 


10.2 


9.9 


4.2 


4.G 


4.8 


5.7 


5 


5 


15.8 


15.7 


15.3 


7.3 


6.8 


6.8 


69 


69 


71.7 


57.7 


57.3 


57 


52.7 


47.9 


49.5 


1>* 


20.6 


22 


25.9 


22.4 


23.1 


66.3 


67.3 


67 


45.4 


45.7 


45.8 



23.3 
15.5 
12.2 

4.4 
12.5 
12.4 
15.7 
10.6 

4.4 

5.3 
16 

7.2 

66.6 

52 

52.3 

20 

22.7 

67.3 

45.4 



Longicaudns. 
St. George, Utah. 



I I 

5895 9 , 5800 cT , 5897 cT 



Torridus* 

Grant 

County, 

N.Mex. 



2839<f 



19.3 I 

13 

11.2 

4.7 
10 

10.5 
13.5 

8.8 

3.8 

4:3 
13.4 



67.3 

58 

51.8 

19. H 

22.2 

68.3 

45.5 



19.3 


19.4 


18.5 


13 


13.1 


12.5 


11.5 


11.2 


11.4 


4.7 


4.8 


4.2 


9.5 


9.7 


9.6 


10.5 


JO 4 


10 


13.4 


13.3 


12.6 


8 7 


8.7 


8.5 


».8 


3.8 


3.5 


4.3 
if. 5 


4 4 


5 


13.2 


13.2 


6.3 


6.2 


5.8 


67.3 


68 


67.5 


59.5 


57.7 


61.6 


49.2 


50 


51.8 


19.6 


19.5 


18.9 


22.2 


22.0 


27 


69.4 


68.5 


67.5 


45 


44.8 


45.8 
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DESCRIPTION OF A NEW MARMOT FROM THE BLACK HILLS OF DAKOTA. 



By Dr. C. Hart Mebbiam. 



Bat three species of Marmots have been heretofore recognized in 
Korth America. They are Arctomys monctx of the East j A. flaviventer 
of the West; and A. caligatus (^A. pruinosus auct)* of the northern 
Bocky Mountains and Cascade Range from just within our northern 
border to the Arctic Circle. 

The name Arctomys flaviventer was given by Audubon and Bachman 
to a specimen collected by Mr. Douglas ** between western Texas and 
California," the exact locality being unknown. It was assumed by 
Baird, who has been followed by subsequent authors, that all the Mar- 
mots inhabiting the region between the Great Plains and the Pacific 
Ocean were specifically the same, excepting only the subarctic A. cali- 
gatus. This assumption was the result of the examination of scanty and 
defective material, for Baird remarked that a specimen which he had 
fiom The Dalles, Oregon, and which was very imperfect and in the molt, 
differed considerably from a specimen from the Black Hills of Dakota. 
Fortunately, my own collectors have succeeded in securing fine series 
of skins and skulls both from the Sierra Nevada Mountains in Cali- 
fornia and from the Black Hills of Dakota. 

The Sierra Nevada animal agrees very closely with Audubon and 
Baebman's description of A. flaviventer^ and undoubtedly is closely re- 
lated to, if not identical with, their species. The Black Hills Marmot is 
a very different animal. It is fully a half larger than the largest speci- 
men of the Sierra Nevada form, and differs from it wholly in coloration. 
Its most striking feature is the possession of a mantle* or cloak of golden 
yellow, covering the shoulders and upper third of the back. The hairs 
here are fully twice the length of those on the remainder of the back and 
ramp. The under parts are deep chestnut-red, while in the Sierra Ne- 
vada species they are bright yellow, as described by Bachman. The 

*A, caligaius E9ch.= J. pruinosun anct. For the change of name see Tyrrell, ** The 
Mammalia of Canada,''^ Proc. Canadian Inst., 3d series, vol. vi, 1888, p. 88. 
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feet are concolor with the under parts, and the hairs are reddisb brown 
to the skin, there being no black basal portion, as in flaviventer. The 
whole top of the head is black or brownish black, with a more or less 
distinct white transverse bar between the eyes and the nose. The tail 
is long and broad, distichous, reddish brown above, with a black median 
stripe below, in sharp contrast with the brown of the side«. The 
whiskers are less heavy than in flaviventer. The species may be kuowo 
by the following description : 

ARCTOMYS DACOTA sp. uov. 
(Black Hills Marmot.) 

Type im ^ ad. From Custer, Black Hills, Dakota, July 21, 1888. Collected 
by Vernon Bailey. 

Measurements.—Totsl length, 670™ ; tail, 188 ; hind foot, 86 (taken in 
flesh by the collector) ; ear from crown, 13 (from dry skin). Weight, 
7.73 kilograms (=17 lbs). 

General characters. — Size large, considerably exceeding, the largest 
individuals of A. flaviventer a,ud equaling large specimens ofA.monax, 
Tail long, large, and bushy, squarely truncated at the end. Hairs of 
the neck and shoulders very much elongated and mixed with a thick 
coat of woolly underfur, forming a sort of mantle. 

Color. — Above, light yellowish brown, becoming grizzled on the pos- 
terior half of the back (by the admixture of black hairs having a sub- 
apical zone of white) ; head black, or nearly black, grizzled on the face 
and sides of the neck with white and reddish brown, an<l interrupted 
between the nose and eyes by a few white hairs (indicating the position 
of a transverse whitish bar in other specimens); end of muzzle white 
all round, including tip of nose and chin ; under parts uniform dull 
rusty chestnut, including fore legs and feet all round, except that the 
feet and hind legs are mixed with yellowish ; tail above and on the 
sides dull rusty chestnut, very similar to the color ot the belly; Uiil 
below with a broad median band of clear black, broadening toward the 
end, and protruding slightly beyond the brown of the upper surface, so 
that it shows from above. Whiskers and superciliary bristles black. 

Cranial characters. — The skull of Arctomys dacota differs from that of 
Arctomys flaviventer in having the nasal branches of the premaxillaries 
much broader throughout, the nasal bones shorter, the interorbital 
breadth greater, the basispbenoid fenestrated, and the basioccipital 
with a subcircular median fossa. The skull, as a whole, including the 
zygomatic arches, is much broader, shorter, and heavier than that of 
A. flaviventer J but is in no way intermediate between flaviventer and 
monax. 

General remarks. — Another specimen, an adult female (No. fHi)t 
killed at the same place July 19, 1888, measured: Total length, 62.5; 
tail, 165 ; hind foot, 79 ; ear from crown, 12. The mantle is light golden- 
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yellow, sharply defined from tUe color of the posterior part of the back, 
and a distinct transverse bar of yellowish- white crosses the face between 
the eyes and nose. Several half-grown young, taken at the same place 
daring the middle and latter part of July, agree with the above in color 
and in the distinctness of the mantle. The mantle is less sharply de- 
fined in the type specimen than in any of the others. Probably this 
is due in part to the condition or stage of growth of the pelage, and 
will be found to vary somewhat with season. 
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DESCRIPTION OF A NEW SPECIES OF PIKA (LAGOMYS SCHISTICEPS) 
FROM THE SIERRA NEVADA MOUNTAINS IN CALIFORNIA. 



By Db. 0. Habt Mebbiam. 



The ** Little Chief Hare," or Rocky Moantain Pika (Lagomys prin- 
eeps)y was described by Dr. BichardsoQ from a specimen collected iu the 
Rocky Moantains near the soath branch of the Mackenzie, considerably 
north of the United States boundary. He gave its distribntion as ^^ the 
Rocky Mountains, from latitude 52^ to 60o" (Fauna Boreali- Ameri- 
cana, 1829, 227). It has been since ascertained to range southward 
along the summits of the Bocky Mountains to latitude 42^, increasing 
its altitude with the decrease in latitude till in Colorado it is not found 
below timber-line — about 11,000 feet. 

As long ago as 1863 Dr. J. G. Cooper found a species of Lagomys near 
the limit of perpetual snow in the Sierra !N'evada Mountains in Cali- 
fornia,* and it has been assumed that this animal is specifically identi- 
cal with that from the Bocky Mountains. Comparison of specimens, 
however, shows the Sierra Nevada Lagomys to be a very distinct spe- 
cies, which may be easily distinguished from its Bocky Mountain con- 
gener by both external and cranial characters. Its most conspicuous 
external feature is the slate-gray color of its head, which circumstance 
has led me to bestow upon it the specific name schisticeps. It may be 
characterized as follows : 

LAGOMYS SCHISTICEPS sp. nov. 

Type, im^ ad. From Donner, California, Jane 9, 1888. Charles A. Allen. 

Measurements. — Total length, ISS**""; tail, 9.5 (taken in flesh by col- 
lector). Ears from crown, 16 5 hind foot, 29.5 (taken from dry skin). 

Color.^Bntire upper surface of head slate-gray, in striking contrast 
to the yellowish brown of the same parts in L.princeps. The slate-gray 
of the head extends from the nose to the nape, where it gradually shades 
into the grayish brown of the back ; rest of upper parts strongly suf- 
fused with fulvous, which is most intense along the sides near the 



* Proc. Cal. Acad. Sci., 111, 1863, 69 ; also iv, 1858, 6. 
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belly ; the black-tipped hairs are not so numerous as m L. princepsy and 
are more uniformly distributed, with no tendency to form a dark patch 
on the lower part of the back, as is usually the case in the latter spe- 
cies. Belly and upper surfaces of feet whitish, washed with buff or 
pale fulvous, deepest on the pectoral region. Under fur slate- black; 
soles of hind feet dusky ; of fore feet, silky yellowish white ; ears, whis- 
kers, toe-pads, and character of fur precisely as in L.princcps. 

Cranial characters. — Compared with L.princepSj the skull of L. schis- 
ticeps presents several excellent specific characters. Viewed from above, 
the preorbital portion is shorter and more obtuse, with consequent 
shortening of the nasal bones. The intermastoid breadth is greater, 
and the posterior part of the calvarium is broader and more obtusely 
rounded. The supraoccipital takes part in the formation of the vault 
of the cranium, where it appears as a narrow bridge between the mas- 
toids, with a smooth face continuous with the superior surface of the 
skull and nearly at right angle to its vertical plane. In the type speci- 
men (No. 5376 $ ) this horizontal strip of the supraoccipital is broadest 
in the middle, where it attains a breadth of two and a half millimeters. 
In the seven skulls of L.princeps examined the supraoccipital does not 
appear on the superior surface of the cranium, except to take part in 
the formation of the lambdoidal crest, which is obsolete in L. sehisticeps. 

Viewed from beneath, the most striking difference between the two 
species becomes apparent, as may be seen from the accompanying fig- 
ures. In L. princeps the palatine fossa is broadly pyriform and the an- 
terior border of the palatal bridge which forms its base is either straight 
or slightly excavated (see pi. viii, tig. G). Allen, in his diagnosis of the 
family La^gomyidWj states that this bridge '* is wholly devoid of the 
pointed anterior extension 'seen in the latter" (the Kares^ Leporidw). 
The type specimen of Lagomys schisticeps in this respect presents ex- 
actly the condition seen in the Hares, the anterior margin of the palatal 
bridge being produced forward in a sharp point, much altering the 
shape of the fossa of which it forms the base (see pi. viii, fig. 4). More- 
over, the palatal fossa is both narrower and longer than in L.princeps^ 
and the vomer projects backward a considerable distance beyond its 
anterior border, which is formed by the premaxillaries. The distance 
from the incisors to the palatal fossa is less than in L. princeps. Still 
another important difference, perhaps the most important of all, exists 
in the base of the skull. The basi-occipital is shorter and very much 
broader in L. princeps (pi. viii, fig. 5) than in L. schisticeps (pi. viii, fig. 
3). In three skulls of L. schisticeps the average ratio of breadth to 
length of basi-occipital is 70 ; in three skulls of L. princeps it is 44. 
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MeoMurements of skulls of Lagomys schisHcepf and L, princeps. 
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Lagomyt »ehi»Heep» Meiriam. 



3346d* 3347 v^ 3348? 5375 9 5376/ 



Builar length (from one of the occipital coadylea to post« 
nor edf^e of alveola of iucisor of same nide) 

Basilar length of Hennel (from inferior lip of foramen mag 
nam to posterior edge of alveola of incisor) 

Greatest zygomatic breadth 

Greatest mastoid breadth 

Id tenirbi tal constriction 

Greatest length of nasal bones 

Length of upper raolar series (on alveolv) ' 

Incisor to molar- I 

Inri^or to post-palatal notch 

Distance between alveolie of npper molar series anteriorly. . I . 

Distance between alveola* of upper raolar series posieriorly.l 

Foramen magnum to post-palatal notch . 

Length of mandible (sympnysis to angle) 

Height of mandible from angle to cond> lar process 

Length of under raolariform series 1 

Distance from incisor to molariform series 



37 
34 



21 



13.2 

9.3 
15.8 



ia3 

28 
!« 

8 

5.5 I 



4.8 



8 
10.5 



35 



33.7 
20.4 



21 



4.5 
13 

8.2 

9.3 
U.I 

5.8 

7.7 ; 

20 I 

27 

15.3 

7.8 

5.4 



5.3 
13.4 

8.2 

0.4 
14.2 

6 



28 : 

15.6 
8 

5.8 



40 



22 
21.5 

5.2 
14.3 

&5 
10 
15.7 



7.8 
21.2 
30 
17 

8 

5.8 



Lajomys princept Richardson. 



5221$.' 5736 5758 t 57G9d' 5760 9 ira. 



Basilar length (from one of the occipital cond> les to pos- 
terior edge of alveola of incisor of same side) 

Baailar length of Uensel (from Inferior lip of foramen mag 
nam to posterior edge of alveola of incisor) 

Greatest cygomatic breadth 

Greatest mastoid breadth 

Interorbital constriction 

Greatest length of na>al bones 

Length of npper molar series (on alveoUe; 

Incisor to molar 

Incisor to post-palatal notch 

Distance between alveole of upper molar series anteriorly 

Distance between alveolte of upper molar series posteri- 
orly 

Foramen magnum to post-palatal notch 

Length of mandible (symphysis to angle) 

Height of mandible fVom angle to condylar process 

Length of under molariform series 

Distance from incisor to mo'ariform series 



I 



I 



38 



41 



38.7 



35 



33.2 


34.5 


37.5 


35.5 


31.5 


21.4 


21.4 


22 1 


2L3 


20.8 


20.7 


21 


20.3 1 


19.5 


19 


6.4 


5.5 


4.7 1 


5.4 


5.6 


13.7 


14.6 


16 1 


14.9 


13 


8.1 


8 1 


iH 


8.6 


8 


9.6 


10.7 


10.5 


8.5 


15 


16 


16.6 , 


16 


14 


6.5 


6 


6 

1 


6 


6.3 


7.5 


7.8 


7.5' 


7.4 


7.7 


18.7 


18.7 


21.4 


20 . 


17.7 


27.7 


28.8 


29.5 


28. t 


26.4 


16.2 


16.4 


16.2 ! 


16.2 


14.6 


8 


7.8 


a4 


8.2 


7.8 


5.3 


6.3 


6.4 ' 


6 


5.3 
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DESCRIPTION OF A NEW SPERMOPHILE FROM SOUTHERN CALIFORNIA. 



By Dr. O. Habt Mebbiam. 



SPEEMOPHILUS MOHAVBNSIS sp. nov. 

(MojAVB Desert Spermopuile.) 

TyP« Uii ^ »<i- From Mojave Kiver, California, June 29, 1886. Collected 
byF. Stephens. 

Measurements (taken in flesh by collector). — Head and body, 162 ; tail 
vertebrsB, 68 ; hairs, 16. Hind foot 38 (measured from the dry skin after 
soaking to straighten the toes. 

Oeneral characters. — Size abont eqnal to 8. mollis; slightly larger than 
& teretkattdm ; tail with hairs aboat half the length of head and body, 
distichous ; ears rudimentary ; feet large ; claws long and moderately 
curved; thumb with a large blunt claw; palms naked; soles densely 
hairy to claws; pelage rather harsh. ' 

Cotor.— Above, uniform grizzled grayish brown or drab-bro^n ; be- 
low, soiled white ; eyelids white ; tail above like the back, but with much 
black intermixed, particularly in the distal two-thirds where it is fully 
half black and bordered with creamy- white; below creamy- white, bor- 
dered all around by a subterminal black band. 

Cranial and dental characters. — Compared with that of 8. tereticaudus 
the skull is larger, thinner, and smoother; the nasals are broader pos- 
teriorly and also extend further backward, slightly overreaching the 
nasal branches of the premaxillaries, which latter are narrower poste- 
riorly than in 8. tereticaudus, though broader than in 8. mollis ; the shelf 
of the palate is produced backward in the median line in the form of a 
long, slender spine instead of the blunt point of tereticaudus. The 
length of the molar series is the same as in tereticaudus^ though the 
skull is larger — consequently the ratio of this length to the length of 
the skull is less; the first upper premolar is smaller and shorter than 
in either tereticaudus or mollis — in fact it falls short of the level of the 
crowns of the molar series. 

Habitat — So far as known the present species is confined to the arid 
desert in which the Mojave Eiver sinks. At all events enough is known 

15 



Digitized by VjOOQIC 



16 NORTH AMERICAN FAUNA. [No. 2. 

of the mammals of the surrounding region to justify the statement 
that it does not occur to the west, south, or east of the Mojave desert — 
hence the only direction in which it may yet be found is to the north- 
ward, in the desert region of southern Nevada. 

Oeneral remarks. — The number of specimens examined is nine, in- 
cluding adults of both sexes and young. The characters are very <5on- 
stant, there being little variation either in size or color. The species 
is entirly distinct from any previously described. 
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DESflRIPTION OP A NEW SPERMOPHILE FROM NORTHWESTERN 

ARIZONA. 



By Dr. O. Hart Mebbiam. 



SPERMOPHILUS NEGLBCTUS sp. nov. 

'^TPe Hf t ^ • Dolan'8 8priD£, Arizona, February 9, 1889. Vernon Bailey. 

Mmsurementa (taken in flesh by collector). — Head and body, 204™""; 
tail vertebrsB, 74 ; hairs, 14; hind foot, 32. 

Oeneral characters. — Similar to 8. tereticaudus hut smaller, with much 
shorter tail and hind feet ; ears reduced to a rim above, probably not 
more than 1™°> high in the living animal ; soles densely haired from heel 
to claw ; tail vertebrse about half the length of head and body ; basal 
third of t£ttl terete; distal two-thirds distichoas; pelage softer and 
longer than in 8. tereticatidusy particalarly on the sides and nnder parts. 
This may be dne largely to season, as the specimens were collected in 
winter (February). 

Color. — ^Above, grizzled grayish brown, resulting from the intimate 
and very fine admixture of white and black tipped hairs over a cinna- 
mon ground color. The long black hairs form interrupted lines on the 
back as in 8. tereticaudmj only less distinct. Under parts yellowish 
white; eyelids white; tail above and below concolor with the back, ex- 
cept that it has a subterminal black band which is continuous laterally 
with an indistinct subterminal border which disappears altogether a 
little above the middle of the tail. 

General remarks. — ^This Spermophile is nearly related to 8. tereticauduSj 
from which it may prove to be only subspecifically separable when speci- 
mens are collected from the region between Fort Yuma and Fort Mo- 
jave. At all events it is distinct enough from 8. mollis and 8. mohavensis. 

Three specimens from the valley 1 mile west of Dolan's Spring (alti- 
tude about 3,000 feet), collected February 9, 1889, and all males, are so 
much alike that the only noticeable difference is in the length of the 
tail, which varies from 72">°> to 82">°». The individual having the longer 
tail (No. 5263 3 ) is larger in every way, the head and body measuring 
222'"", and the hind foot 34™™. A specimen from Mineral Park, Ari- 
zona (So. 5264 S ), collected February 12, 1889, is almost an exact dupli- 
cate of the one last mentioned. Four specimens (one 3 and three 9 ) 
collected at Mojave, Ariz., March 11 and 12, 1889, are in the molt. The 
pelage is harsher in texture and redder in color. 

2541— No. 2 2 Digitized by GoOglc 



Digitized by VjOOQIC 



DESCRIPTION OF A NEW SPECIES OF GROUND SQUIRREL FROM THE 
ARID LANDS OF THE SOUTHWEST. 



By Dr. G. Habt Mebbiam. 



TAMIAS LBU0UEU8 sp nov. 

The Groaod Squirrels of the Tamias harriai type &om the region of 
Uie lower Colorado Biver are separable into two very distinct species, 
according to the color of the under side of the tail. In the form de- 
scribed as harrisi by Baird and Allen this part of -the tail is white, and 
becomes the most conspicnons feature of the animal as it runs swiftly 
away with the tail cocked up over its back, after the manner of the 
antelope. To this circumstance, Mr. H. W. Henshaw informs me, it owes 
the name ^'Antelope Squirrel," by which it is locally known. This spe- 
cies is represented in my collection by specimens from southern Utah, 
northern Arizona, southern Nevada, southern Oalifornia, and the penin- 
sula of Lower California. 

Specimens from western and southern Arizona resemble those just 
mentioned so closely, both in size and coloration, that it would be dif- 
ficult to separate them but for the difference in the color of the under 
surfiEice of the tail, which is dark iron-gray instead of white, both upper 
and undec surfaces being colored alike. Hence the striking effect pro- 
duced by the white under-tail of the Antelope Squirrel is wanting. 
This form is the true harriH of Audubon and Bachman, as will be shown 
directly, though it seems to have escaped the notice of naturalists dur- 
ing the past thirty-five years. 

Tami(M harrisi (originally, and I am not sure but correctly, placed in 
the genus Spermophilus) was described by Audubon and Bachman from 
a single specimen presented to them by Edward Harris, esq., and sup- 
posed to have been collected in the West by J. K. Townsend during his 
overland journey to Oregon (Quadrupeds of North America, in, 1854, 
267-269). Since, however, the route followed by Townsend was far to 
the northward of the known range of the species, and since the animal 
was not in the collection of mammals brought back by Townsend and 
by him placed at the disposal of Dr. Bachman for examination and de- 
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scription,* it seems at least possible that it was not collected by Towd- 
send at all, but was wrongly accredited to him by some accident or trick 
of memory daring the fourteen years intervening between his return 
and the publication of Audubon and Bachman's description. At all 
events, we know nothing of the locality whence it came. Therefore, in 
deciding which of the two forms must retain the name harrisi, the only 
guide is Bachmau's published description and figure. Unfortunately, 
the under surface of the tail is not shown in the figure and is not men- 
tioned specifically in the description. Both plate and description, how- 
ever, agree in giving the tail a length [" vertebrae 3 J in. "=82.5°^ J which 
is considerably greater than that possessed by any of the numerons 
specimens examined of the white tailed form. Moreover, had tha under 
side of the tail been white, Bachman surely would have mentioned the 
fact. Hisdeftiiled description of the color-zones of the hairs of the tail 
agrees perfectly with the dark-tailed Arizona animal, and differs mark- 
edly from the usual condition of the white-tailed. The description is as 
follows : " The hairs of the tail are whitish at the roots, twice anna- 
lated with black, and tipped with white " — which is true of this species 
whether examined from above or below. In the species having the 
under tail white, on the other hand, the hairs of the under side of the 
tail are white throughout and those of the upper side are black at the 
roots, then white, with a single free zone of black, and tipped with white.t 
Hence there can be little doubt that Tamias harrisi really is the species 
with the dark under tail. This question decided, it remains to name 
and describe the white-tailed species. It may be known from the fol- 
lowing : 

TAMIAS LEUOUEUS sp. nov. 
(Antklope Squirrel). 

Type H?S ^ »d- San Gorgonio Pass, California, May 16, 18a5. F. Stephens. 

Measurements. — Head and body, 140; tail vertebrsB, 69 (taken in 
flesh by collector). Hairs, 17 ; hind foot, 38 ; ear from crown, 4 (taken 
from skin). 

General characters.^Size a little smaller than T. harrisij with which 
it agrees in form and proportions, except that the tail is shorter. Tbe 
tail is distichoas. This species and T. harrisi are nearly related to the 
Spermophiles and differ at least snbgenerically from Tamias proper, as 

* Concerniug these specimens Dr. Bachman said : " Mr. J. K. Townsend having 
placed at my disposal for examination and description his valaable collection of 
qaadrapeds obtained in his recent laborious and perilous joomey over the Bocky 
Mountains and along the western borders of our continent, I proceed to give short 
descriptions of such as appear to be undescribed." — (Jour. Phil. Acad. Sci., viii, pt. i, 
1839, 57.) No mention is made of it in this paper or in Townsend's narrative of his 
journey. 

t In some individuals there is an (abnormal f ) elongation of the lateral hairs of 
the proximal third of the tail, in which case thd very base of each hair is white, and 
there are two black zones as in harrisi. 
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pointiBd oat by Allen (Monog. K Am. Eodeotia, 1877, 811). The soles 
are densely haired from heel to tubercles. 

Color. — ^Above^ finely grizzled, the ground color varying from grayish 
on the anterior half of the back to pinkish vinaceoas on the rump and 
head, and becoming salmon on the outside of the fore legs and thighs. 
A single white stripe on each side extends from the shoulders to the 
ramp. Eyelids and underparts white. Tailbicolor: above, iron-gray, 
resulting from the fine admixture of the white and black annulation of 
the hairs, with an indistinct white border ; below, clear white, with a 
subterminal black border more or less obscured by the underlying 
hairs, which are white throughout without annulations. On the upper 
side of the tail all the hairs are annulated. On the proximal half the 
lateral hairs are longer than elsewhere, the very base of each hair is 
white, and there are two annulations of black as in harrisi • ; on the 
distal half the base of each hair is black, with but one free black annu- 
lation. 

Cranial characters. — The skull of Tamias leucurus closely resembles 
that of T. harridj but differs from it in having the nasal bones much 
narrower posteriorly. 

* Whether this conditioa is abnormal, or due to the stage of growth of the hair, 
I do not know. 
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DESCRIPTION OF A NEW SPECIES OF FREE-TAILED BAT FROM THE 
DESERT REGION OF SOUTHERN CALIFORNIA. 



By Dr. O. Habt Mebbiam. 



ISTYOTINOMUS FBMOROSAOOUS sp. nov. 

Type 2276 ^ ad. Agaa Caliente, Colorado Desert, California, March 27, 1885. 
CoUeoted by F. Stephens. 

Me€t9nrefnent8 (from the alcoholic specimen). — ^Total length, 103 ; 
head and body, 60; tail, 41; exserted part of tail, 23; head, 23; ear 
from crown, 14; ear from base of antitragns, 20; tragns, 1 ; humerus, 
28; fore-arm, 47; third finger: metacarpal, 45; first phalanx, 20; sec- 
ond phalanx, 19 ; fifth finger, 44. 




Fio. 8.— Head of Kyctinomas femorosaccos. 

General character%. — Incisors ~. Lower incisors bifid and crowded ; 
first upper premolar small, but well developed; second very large, 
with a large and high antero-internal cusp. Ears thick, united by 
bases of inner margins 4.5™°» from end of nose ; ear keel greatly devel- 
oped, with a large lobe on its lower, third ; antitragns higher than 
long, convex anteriorly, slightly concave posteriorly, and separated by 
a deep notch; tragus subquadrate, hidden behind the large antitragns, 
its outer angle projecting upward in the form of a smafl pointed lobule ; 
upper margin of ear conch with two minute horny projections, not 
symmetrical on the two sides. Tail more than half exserted. Gular sac 
present (opening on right side of median line). There is a curious fold 
of membrane stretching from the inner third of the femur to the middle 
of the tibia, forming a deep pocket between it and the interfemoral 
membrane. The wing membrane is attached to the leg at the same 
point (immediately below the middle of the tibia), so that there are 
three folds of membrane here. The fur extends out on the wing mem- 
brane, above and beneath, as far as a line drawn from the middle of 
the humerus to the junction of the middle and outer thirds of the femur. 
Color, dull brown. 
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DESCRIPTION OF A NEW SPECIES OF FREE-TAILED BAT FROM THE 
LOWER COLORADO RIVER IN ARIZONA. 



By Dr. 0. Hart Mebbiam. 



NY0TINOMU8 MOHAVENSIS sp. nov. 

Type 5418^ ad. Fort Mojave, Arizona, March 8, 1889. Vernon Bailey. 
Measurements (from alcoholic specimen). — Total length, 94 ; head and 
body, 56; head, 19.5; ear from base of antitragas, 18; ear from crown, 
12; tragus, 2; tail to end of vertebrsB, 34; exserted part of tail, 13.5; 
humerus, 24; fore-arm, 44; third finger: metacarpal, 43; first phalanx, 
16; second phalanx, 16; fifth finger, 42. 




Fio. 4.— Head of Nyotlnomos mohavenais. 

General characters. — Incisors ^. Lower incisors not distinctly bifid ; 
first upper premolar minute ; second large, with a well developed an- 
terc-intemal cusp. Ears thinner and more translucent than in N.femo- 
rosaccuSj united by bases of inner margins ; posterior surface marked 
by about five indistinct transverse wrinkles ; ear keel small, without a 
distinct lobe on its inner third ; anterior convexity of auricle with six 
horny spines; antitragus very low and flat, much longer than high, 
not hiding tragus ; tragus rather large, subquadrate. Lips deeply and 
obliquely wrinkled. Wings from lower third of tibia. Fur above ex- 
tending firom middle of humerus to distal third of femur; below from 
middle of humerus to knee. Tail less than half exserted. No gular 
sac Color above, sooty ; paler below. 
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DESCRIPTION OF A NEW GENUS (PHENACOMYS) AND FOUR NEW SPE- 
CIES OF ARVICOLINil. 



By Dr. C. Habt Mebbiam. 



The genns which is the subject of the present paper is of nnnsnal 
interest, inasmuch as it is the most central or generalized form yet dis- 
covered in the Arvicoline series. It not only combines in a remarkable 
manner the characters of the Arvicoline genera Myodes^ SynaptamySj 
Cunicuhis^ Arvioolaj and Uvotamys^ bat is near if not in the direct line of 
descent from the Marine series. 

It was first bronght to my notice by Dr. George M. Dawson, Assis^ 
ant Director of the Geological and Nataral History Sarvey of Canada, 
who sent me for identification a si>ecimen collected by him near Kam- 
loops, British Colombia, October 2, 1888. Dr. Dawson had no facilities 
for the preparation of this kind of material, hence the specimen reached 
me in the form of a roagh skin, tarned inside out to dry, with the 
broken sknll attached. Fortanately the feet, tail, and teeth were pre- 
served— enongh to famish the most important characters. So far as 
external features are concerned — size, proportions, and coloration — 
there is nothing to indicate that the animal might not be a pale mdi* 
vidual of the common eastern meadow mouse or vole {Arvicola riparius), 
bat the skull and teeth differ essentially from those of any previously 
known genus. All of the molars in both jaws are rooted, each having 
two true divergent roots, instead of growing from a persistent pulp, as 
in Arvicola. The crowns of the upper molars, in the number and ar- 
rangement of their triangles, resemble those of the Mississippi Yalley 
voles of the subgenus PedomySy while they agree with Evotomys in the 
large size of the dentine islands and the crowding of the teeth. The 
crowns of the lower molars not only differ from those of any section 
of the genus Arvicola^ but resemble in certain respects the correspond- 
ing teeth of the singular genera MyodeSy 8ynaptomySj Cunicultis, and 
Evotomys. 

In studying the affinities of this remarkable animal I examined the 
entire series of skulls of the subfamily ArvicoUnce in the U. S. National 
Museum, as well as those in my own collection (several hundred in 
number), and also a large number of alcoholics. The result of this in- 
vestigation was the discovery of five additional specimens of the new 
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genas. Two of these are broken skalls labeled in Dr. Ooaes's hand- 
writing as having been collected by himself at Groswater Bay, Labra- 
dor, in 1860, but not mentioned in his published writings on the Mu- 
ridas. The remaining three (all new species) were alcoholics, one col- 
lected by Napoleon A. Oomeau at Godbout, on the north shore of the 
St. Lawrence, near the point where the river widens into the s^\fj the 
two others collected by Lucien M. Turner, near Ft. Ghimo, UngavaBay. 
Hence the range of the new genus is demoustrated to extend across the 
continent from Labrador to British Columbia. Probably it will be 
found to invade northern Idaho, Washington, and perhaps Montana 
also. The results of this study will be found in the following pages. 

PHENACOMYS* genus nov. 

Type Phenaoomy \ntermediu9 sp. nov., from Kamloops, British Colombia. 

DIAaNOSIS. 

Brain case subquadrate, with prominent supraorbital ridges border- 
ing a median frontal sulcus ; postorbital process of squamosal peg- 
like ; interparietal rather large ; zygomatic arches lowest opposite first 
molar, and expanded vertically into abroad lamina; shelf of palate 
broadly emarginate posteriorly, without the " step " of Arvioola ; as- 
cending ramus of mandible long and slender, slightly higher than cor- 
onoid process ; root of lower incisor ending at level of alveola of last 
molar ; molars rooted, each having two true divergent roofs ; crowns 
large, crowded, with broadly rounded prisms ; pattern of upper molar 
series and arrangement of prisms as i n Arvicola (section Pedomys) ; an- 
terior face of second and third upper molars concave, tbe anterior loop 
pyriform, bulging on the inner side; lower molars with line of infold- 
ing of enamel near the outer side ; last lower molar very large, as broad 
or nearly as broad anteriorly as posteriorly, and consisting of three 
elongated transverse loops joined along the outer side of the tooth, 
without any distinct external loop or triangle. 

GENERAL CHARACTERS AND COMPARISONS. 

External characters. ^Fotefoot 5-tuberculate ; hindfoot G-tuberculate^ 
the outer tubercle large and prominent (see pi. ii, figs. 4 and 5 b) [in 
Arvicola it is nearly obsolete] ; posterior half of sole well haired ; ears 
reaching or slightly overtopping the tips of the surrounding hairs ; 
whiskers reaching the shoulders, larger and stiffer than in Arvicola ; 
pelage full and soft. 

Cranial characters. — Viewed from above, the brain case is subquad- 
rate, marked by prominent lateral ridges, as in Synaptomys and Ouni- 

* Phenaoomys, from q}iva\=a cheaiy an impoater; and ^yS=a moawtf, in reference 
to the oiroamstance that the external appearauoe of the animal gives no olue to its 
real affinities. 
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cuius (pi. n, fig. 1 'y pL ni, fig. 9). There is a distinct sapraorbital 
ridge bordering a median longitudinal frontal sulcus. It rises from the 
anterior border of the orbit and passes backward, following the outline 
of the calvarium to the lateral border of the interparietal, where it 
bends downward and becomes continuous with the vertical crest of the 
squamosal, which ends at the upper margin of the audital opening. In 
addition to the deep frontal sulcus there is on each side of the brain-case 
a shallow lateral sulcus between the ridge just described and a hori- 
zontal ridge of the squamosal, which is formed by the extension for- 
wards and backwards of the posterior root of the zygoma. At the point 
of junction of the orbital and temporal fossie this ridge gives off a very 
distinct postorbital process (squamosal^ notfh>ntal), which, with the lam- 
inar expansion of the zygoma below serves to sharply differentiate the 
orbit from the temporal fossa.* Furthermore, the temporal fossa is 
much reduced in breadth by the lateral encroachment of the brain-case, 
which is abruptly truncated in front of the postorbital process. The 
antero-posterior diameter of the interparietal is much greater than in 
Arvicolaj and its transverse diameter less. In this respect it approaches 
St^naptomys and Myodes. In Phenacomys celatus, P. ungavay and P. lati- 
nanw the interparietal is pentagonal, and its posterior border is nearly 
straight. The nasal bones are truncated posteriorly a little in front of 
the ends of the nasal branches of the premaxillaries. The rostrum is 
not shortened or strongly deflexed as it is in the Lemmings, but more 
nearly agrees with its normal condition in Arvicola. 

The zygomatic process of the maxillary bends down so abruptly that 
the lowest part of the zygomatic arch is opposite the first molar, as in 
Myodes (pi. n, fig. 3). In Arvicola the slope is more gradual, and the 
lowest part of the arch is opposite the last molar. The middle portion 
of the zygoma is expanded into a large lamina or plate, which consists 
of the expanded anterior end of the jugal or malar bone and the pos- 
terior portion of the zygomatic process of the maxillary. This plate 
slopes obliquely upward, as in Myodes and Synaptomys. 

Viewed from below, several characters of importance become appar- 
ent. The shelf of the palate is broadly emarginate posteriorly, with a 
median azygos projection. The pterygoid fossa is much broader an- 
teriorly than in MyodeSy and the " step ^ at the back of the palate is less 
apparent on the sides, and is altogether wanting in the median line (pi. 
n, fig. 2). In this respect Phenacomys presents a condition interme- 
diate between Uvotomys and Arvicola^ thongh resembling the former 
more than the latter. It resembles Evotomys further in the breadth 
and flatness of the palate and in the shape and relative size of the au- 
dital bullse. The latter, while conforming to the general Arvicoline 

*ln Myodes and Sgnaptomya the horizontal ridge of the squamosal forms a pro- 
jecting shelf, oyerbanging the temporal fossa, and rounded off anteriorly. In Phen- 
aeomjfs and Cunioulus this ridge is not developed into a projecting shelf, but termi- 
nates anteriorly in a distinct peg-like process. 
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pattern, are somewhat saborbicalar instead of subfusiform. In this 
particular the departure from Synaptomys and Myodes is as marked as 
that from Arvieola. The basisphenoid is essentially as in Arvicola-^ 
it is not cut away laterally so much as in Synaptomys and Myodes. 

The ascending ramus of the under jaw is long, and the articular facet 
is slightly above the level of the coronoid process (as in Evotomys and 
Cunicultis)j which is sharp pointed and bent back at the tip (pi. in, fig. 9). 
The hamular process of the angle is rather large and curves slightly oat- 
ward as well as upward. Its postero-iuferior border is obliquely flat- 
tened, but not to the extent seen in Synaptomys and Myodes. The root 
of the lower incisor ends posteriorly at the level of che alveola of the 
last molar, .and a little outside and behind it, as in Evotomys. In Aim- 
cola it passes back into the ascending ramus of the jaw as far as a 
point above and behind the dental foramen, this point being, as a role, 
about two-thirds the distance from the crown of the last molar to the 
articular condyle. In Synaptomys and Myodes it ends at a point oppo- 
site and a little inside of the last molar. Hence in the posterior exten- 
sion of the under incisor Phenacomys is intermediate between the 
Lemmings and the true Field Mice. 

When the skull is allowed to rest on the upper molar series a per- 
pendicular let fall from the end of the nasals passes in front of the arc 
of the incisors, as in Evotomys and Synaptomys (pL ii, fig. 3). 

Dental charjicters. — Phenacomys has genuine rooted molars (pi. m, 
fig. 6), not half rooted molars like those of Evotomys^ which grow from 
persistent pulps. In this respect it differs from all known members of 
the sub-family ArvioolincBy and approaches the typical condition of the 
Muridas. Each tooth in both upper and lower jaws has two distinct 
roots, which are long, divergent, and closed at the bottom, as in all 
truly-rooted teeth. The crowns of the teeth are large and crowded, 
with broadly rounded loops inclosing dentine islands of much larger 
size than in Arvieola^ and somewhat larger even than in EvotomySj with 
correspondingly smaller interspaces or re-entrant angles (pi. yi). The 
dentine is umber-brown instead of white, thus emphasizing the peculiar 
appearance of the tooth-row as a whole. 

Upper molar series. — The upper molars resemble those of ArvicoUt 
(section Pedomys) in the general pattern, number, and arrangement of 
the prisms, but the crowding of the teeth produces a depression on the 
anterior face of the first loop of the second and third molars at the point 
where the preceding tooth presses against it, and a resultant bulge 
just inside of this point, giving the loop a pyriform shape, with an an- 
terior concavity (pi. ti, fig. 1), as sometimes seen in Evotomys. In 
Arvieola this loop is always strongly convex anteriorly. The details of 
the crowns are as follows: First upper molar with a broadly rounded 
anterior transverse loop, two external and two internal rounded tri- 
angles ; second upper molar with an anterior pyriform transverse loop, 
one large internal and two smaller external rounded .triangles ; third 
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upper molar with an anterior pyriform transverse loop, one external 
and one internal closed triangle, and a posterior trefoil (pi. iv, fig. 
12a). Sometimes the outer loop of the trefoil is closed, giving the 
tooth two external closed triangles and a postero-intemal loop (pi. iv, 
fig. 11a). 

Lay>er molar series.^JAne of infolding of enamel near outer side of 
tooth row. First lower molar with a posterior transverse loop, four 
greatly elongated internal triangles or digitations, of which at least two 
are completely closed, an anterior loop of variable shape, and three 
short external triangles, of which at least one is completely closed. 
Second lower molar with a posterior transverse loop, two greatly 
elongated internal triangles, of which one or both are closed, and two 
small external rounded triangles, one or both of which are closed. 
Third lower molar much larger than in Arvicola^ as broad or nearly as 
broad anteriorly as posteriorly, with three greatly elongated internal 
loops, as in 8yna/ptomys and MyodeSj but without external triangle, the 
outer side being plane or having at most only two convexities, which 
corre6i>ond with the middle and last loops, respectively. By refer- 
ence to the accompanying figures it will be seen that the last lower 




Fig. 5.— Last lower molars of Arricola. 




Fia 0.— Last lower molars of Bynaptomys. 




Fio. 7. — Last lower molars of Phenaoomys. 

molar of Phemicamys differs widely from that of Arvioola, but closely 
resembles that of Myodes and Bynaptomys^ the principal difference being 
the presence in the last- mentioned genera of a distinct loop and cor- 
responding re-entrant angle on the outer side of the tooth. The deep- 
ening of the extemo-lateral sulcus in Pheiuicomys would produce almost 
precisely the condition this tooth presents in Synaptomys. In all the 
sections of the genus Arvioola the last lower molar is much broader 
posteriorly than anteriorly, while in Evotomys the reverse is true, it 
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being broadest anteriorly. In all the lower molars of Phenaoomys the 
posterior loop is rounded off externally, as in Synaptomys and Myodes^ 
instead of forming a prominent angular projection as it does in Arvicola 
and Hvotomya (see cuts on preceding page). 

PHENAOOMYS INTEBMEDIUS sp. nov. 

(Plate IV, fig. 11 ; pi. vi ; pi. vn.) 

Type No. 780, immature. Moseam of the Geol. and Nat. Hist. Survey of Canada. 
From Kamloops, British Columbia/ October 2, 1888. Dr. Geo. M. Dawson. 

Measurements (from dry skin). — Total length about 118; head and 
body, 90; tail vertebrae, 28 ; hairs, 2; hind foot, 18; ears from crown, 8; 
.from anterior root, 13. 

General characters, — Size rather small; tail slender, cylindrical; ears 
moderate, thin, protruding slightly beyond fur, well haired on both 
sides ; roots rather near together ; antitragus small, about as high as 
long; hind foot more slender than in P. celatus'y whiskers long and stiff; 
pelage deep, full, and soft. 

Color. — Above, grizzled grayish brown, paler than in Arvicola riparius; 
black-tipped hairs most abundant posteriorly, with no tendency to col- 
lect into a median darker area; under parts white, the basal plumbe- 
ous portion showing through; tail bicolor, nearly black above; fore 
feet light; hind feet dark, darkest on the ankle and outer side of foot 
There is a strip of whitish hair on the soles. 

Cranial characters. — Unfortunately the skull is badly broken, and 
the occipital and basal portions are absent. Enough remains, however, 
to show that the brain-case is broad and fiat, much like that of Chilotus. 
The specimen was young, though probably full grown, and tbe skull 
differs from those of the other species here described in the usual way 
in which skulls of young ArvicoUnw differ from those of adults. It is 
lower aud more evenly rounded, with broader interorbital and parietal 
regions. In fact, the breadth of the brain-case is considerably greater, 
both actually and in relation to the zygomatic breadth. This difference 
may be in part specific. There is no trace of the superciliary ridges 
which are so conspicuous in the adults, and but a faint indication of 
the lateral muscular impressions. The vertical lamellse of the zygo- 
matic arches are less developed, the incisive foramina are smaller, and 
the upper incisors are much shorter than in the other species. 

Dental characters. — Upper incisiors marked with an indistinct groove 
near the outer side. . Upper molars with all the loops aud triangles 
close4l (pi. VI, fig. 1). Last upper molar with an anterior pyriform 
transverse loop, two small external triangles, one large, transversely 
elongated internal triangle and a posterointernal loop, making in all 
three angular projections and two re entrant angles on each side. The 

* The exact locality, Dr. Dawftou writes me, is a basaltic plateau aboat 20 milee 
NNW of Kamloops, at an altitude of 5,500 feet. 
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ratios of the first, secoDd, and third apper molars to the length of the 
upper molar series are, respectively, 40, 29, and 31. Front lower molar 
(pL Yi, fig. 2, and pL iv, fig. 11 b) with an anterior transverse loop, 
a posterior transverse loop, foor internal triangles, and three external 
triangles, making eleven projections, six of which are on the inner and 
five on the cater side of the tooth ; tbree triangles on each side are en- 
tirely closed, and the fourth inner triangle is nearly closed ; anterior 
loop flattened from before backward, inner half nearly transverse, outer 
half bent obliquely backward, as sometimes seen in Cuniculus. Second 
lower molar with a posterior transverse loop, two smaU, rounded, external 
closed triangles, and two large elongated, subequal internal closed loops 
or triangles, the posterior loop abruptly rounded off externally as in 
Sifwyftomys. Last lower molar large, about as broad anteriorly as poste- 
riorly. It consists of three vertical prisms set side by side and connected 
at their bases along the outer face of the tooth. The line of enamel- 
folds is thus brought in contact with the outer side of the tooth, there 
being no outer angles at all ; in fsuit the outer side has a plane, nearly 
flat surface, marked only by a slight ridge and compensating groove op- 
posite the middle triangle of the inner side. Therefore, tbe crown of the 
last lower molar presents the appearance of three long lobes directed 
inward and slightly backward, the middle one conn ected with the lateral 
on each side by a narrow isthmus at the base. The most anterior of 
these three divisions is about as long as the second and third, though 
the latter are much broader. The ratios of the first, second, and third 
lower molars to the length of the lower molar series are, respectively, 
tt.3, 27 7, and 22.8. The length of the upper molar serfes, measured on 
the alveolae, is 6.1 ; on the crowns 5.7. The corresponding measure- 
ments of the lower molar series are 5.9 and 5.5. 

PHENAOOMTS OELATUS sp. nov. 
(Plate u, figs. 1-3 ; pi. m, ^gB. 6 and 7 ; pi. iv, fig. 13.) 

T^pe No. mi ^ ad. Oodbout, P. Q., Canada, Jane 10, 1886. N. A. Comeaa. 

Mea8urement8{irom alcoholic specimenbeforeskinning). — Total length, 
about 130 ; tail vertebr», 32 ; hairs, 2.5; hind foot, 17.5. 

Oeneral characters. — Size rather small, about equal to P. intermedins; 
feet broader than in intermedins; fore foot 5 tuberculate ; hind foot 6- 
taberculate, tubercles all well developed ; thumb rudimentary, armed 
with a blunt nail ; tail slender, cylindrical, not particularly short (about 
one-third as long as head and body); whiskers long and conspicuous; 
ears defective, but thicker than in intermedins, and hardly appearing 
above for, not so hairy as in ungava; autitragus small. 

OoUyr, — ^Above, brown with a tawny cast, which may be the result of 

immersion in wood alcohol, out of which it was skinned ; below, whitish, 

the basal portion (about two thirds) dark plumbeous. Tail bicolor, but 

without line of demarkation ; darkest above, near the tip. Fore feet 
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and wrists whitish all roand; hind feet and ankles whitish, suffused 
with pale fulvous on the npper side. 

Cranial and dental characters. — Interparietal much larger than in P. lat- 
imanus and ungava, with an tero- posterior diameter mnch greater (pL u, 
fig. 1). First lower molar with a posterior transverse loop, four inter- 
nal triangles of which two are closed, three external triangles of which 
one is completely closed, and a broadly open anterior loop directed for- 
ward and slightly outward ; in all, five angular projections and foar deep 
re-entrant angles on each side. Second lower molar with anterior tri- 
angles communicating. Third lower molar with a marked convexity 
followed by a distinct notch opposite the long middle lobe of the inner 
side (pi. lY, fig. 13). The length of the upper molar series, measured 
On the alveolsB, is 5.9 ^ on the crowns, 5.5. The corresponding measure- 
ments of the lower molar series are 5.6 and 5.5 respectively. 

Oeneral remarks. — In the National Museum collection there are the 
remains of two broken skulls of Phena^comys labeled '* Groswater Bay, 
Labrador, Elliott Cones," of which I cao find no mention in Dr. Coues's 
writings. They have the appearance of skulls found in the pellets of 
hawks and owls. One of them (No. 4218) is very young; the other 
(No. 4217) is older and larger, with correspondingly heavier processes 
and ridges than any of the specimens here described. I have provis- 
ionally referred it to P. oelatus^ because it has the same squarish inter- 
parietal, and essentially the same tooth pattern (see pi. iii, figs. 6 and 7). 

PHENACOMYS LATIMANUS sp.nov. 

(Plate II, fig. 5; pi. ir, fig. 12.) 

Type No. fff$ i yg. ad. Fort Chimo, Ungava, Hadson Bay. Feb. 4, 1883. Lncien 

M. Turner. 

Measurements (from alcoholic before skinning). — ^Total length, 116 \ 
head and body, 90; tail vertebrsB, 28; hairs, 4; hind foot, 18; ear from 
crown, 5.5 ; from anterior root, 11. Additional measurements : Tip of 
nose to eye (inner canthas), 12; to center of pnpil, 13; to meatus, 22; 
to occiput, 27 ; to tip of ear, 31 ; length of manus, 11 ; breadth of manos, 
5; breadth of pes, 5; fore leg, 25. 

Oeneral characters. — Size rather small: tail short, cylindrical; fore 
feet broad, as in the Lemmings (pi. ii, fig. 5 a) ; whiskers not so long 
and stiff as in the other species ; ears defective, but evidently peculiar, 
apparently very narrow and thin. 

Color. — Above, dull rusty-brown, reddest about the eyes and nose 
(which may be due to alcoholic staining); below, whitish, the basal 
portion of the fur dark plumbeous. Tail sharply bicolor, brown above 
and white beneath, the latter occupying considerably more than half 
the circumference of the tail. 

Dental characters. — First lower molar with a posterior transverse 
loop, four internal triangles of which three are closed, three exterual 
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triangles of which two are closed, and an anterior loop directed inward. 
Second lower molar with anterior triangles communicating (p]. ly, fig. 
12). 

General remarks. — Mr. Turner writes me that this specimen was found 
dead in the path, and that the Indians believe that the species always 
dies on coming in contact with human foot-prints. 

PHENACOMYS UNGAVA sp. uov. 

(Plate u, fig. 4 ; pi. iii, tigs. 8 and 9.) 

Typ« No. tfJS «J ad. Fort Chimo, Ungava, Hudson Bay Territory. Spring of 1884. 

Lacien M. Tamer. 

Meotsurements (from alcoholic before skinning). — Total length, 138; 
headand body, 104; tail vertebr8B,31; hairs, 3.6; hind foot, 19; ear from 
crown, 7 ; ear firom anterior root, 12. Additional measurements : Tip of 
nose to eye (inner canthus), 12 ; to center of pupil, 14 ; to meatus, 24 ; 
to occiput, 28. 

Qeneral characters. — Size, largest of the four species herein described ; 
tail moderately short, slender, cylindrical ; ears appearing above fur, 
densely liaired inside and on the margin outside ; hind feet longer and 
more slender than in P. celatus ; whiskers long and stiff. 

Oolor. — Above, rusty-brown, reddest on the nose ; below, whitish, 
the basal portion of the fur dark plumbeus. 

Dental characters.— ¥\T^t lower molar with a posterior transverse loop, 
four internal triangles of which three are closed, three external trian- 
gles of which two are closed, and an anterior loop which forms a pro- 
jection on the inner side. Second lower molar with the anterior trian- 
gles broadly communicating (pi. iii, fig. 8). 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



INDEX. 



Page. 

Antelope Squirrel 19-21 

Arctomjfs caligatuB 7 

dacota - 8-9 

flavirenter 7 

monax • 7 

Arvioolaf compared with PhenaoomjfB 27-32 

Bat, Free-tailed 23-25 

Black Hills Marmot 7-9 

Cm iticuZiMy compared with Phenaoomyg 27 32 

EvotoMy$, compared with Phenaoomys 27-32 

Graashopper Mouse : 

Black-eyed 2 

Long-tailed 2 

Texas 1-2 

Lagomys prinoeps 11,12,13 

achisticeps 11-13 

Little Chief Hare 11 

Marmot, Black Hills 7-9 

Moose : 

Black-eyed Grasshopper 2 

Long-tailed Grasshopper 2 

Texas Grasshopper 1-2 

MyodeSj compared with Phenacomys 27-32 

XycHnomus femorosaoous 23 

mohaven$i8 25 

Onychomyi (genus) 1-5 

Onychomya leucogaster 3,4,5 

leucogaater melanophrya 2,4,5 

longicaudus 2, 4, 5 

longipes 1,2,4,5 

tarridua 3,4,5 

Phenaoomyi (gennsnov.) 27-32 

Phenacamya celaiua 33-34 

iniermediua 32-33 

latimaniia 34-35 

ungava 35 

Pika 11-13 

Spermophile, Mojave Desert 15-16 

Spermaphilua vwhavensia 15-16 

negkctua 17 

Squirrel, Antelope 19-21 

Synaptomya, compared with Phenacomya 27-32 

Tamiaa harriai 19,20,21 

leucurua 19-21 

Texas Grasshopper Mouse 1-2 

37 



Digitized by VjOOQIC 



PLATE I. 

Figs. 1, 2, 3, 4, and 5, Onpokomys leueogaster, $ yoang. (Skull No. 4422. ) Fort Buford, 
Dakota. 

1. Skull from above, and left under jaw from outside (X 2). 

2. Crowns of left upper molars from below (X 10). 

3. Crowns of left lower molars from above ( X 10). 

4. Crowns of right upper molars from the side (X 10). 

5. Crowns of right lower molars from the side ( x 10). 

Figs. 6 and 7, Onydhom^B leucogtuteTf 9 ad. (No. 5012). Valentine^ Nebraska. 

6. Crowns of left upper molars from below ( X 10). 

7. Crowns of left lower molars from above ( X 10). 

Figs. 8 and 9, Onyohomya Umgioaudus, i ad. (No. 5896). St. George, Utah. 

8. Crowns of left upper molars from below ( X 10). 

9. Crowns of left lower molars from above ( X 10). 
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Plate i. 









1-6. Onychomys leucogastcr. d young. 
6,7. (Mychomys leucogaster, 9 adult. 
8,9. Onychomys longicaudus, cT adult. 
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PLATE II. 

1-3, Fhenacomt/s ceJnttts, ^ flcU (No, 59=^,) G0dbont» P. Q.. Canada. Type, 

1, Skull iviMw lihuYv {X ^-i). 

2, Skull fmm Iil^Iuw (X 2). 

3, Skull from tht» sidu (X 'J). 

4. Phenacmiii^ itrnjav^, i ad. (No. If^J Kaga^ft. Jjifjje, 

fl, LoPt ffjrol'oiJi. 

6, LL^ft binii toot (x about li^; dmwQ from alcoholic apecimen). 

5. Fhtnavom^^laf'mtmuK, ^ y^- ad. (No, Jf^J.) ITngava. Tt^pt. 

a. LL^t forefoat . 

k Left lii lid foot (x aliout IJ; <irawu from al c oil olic specimen)* 
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Plate II. 




1-3. Phenacomys celatus, (f adult. 
4. Phenacomys ungava, (f adult. 
6. Phenacomys latimanxis, cf young adult. 
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PLATE III. 

6 and 7. Phenaoomys oelatuBf ad. (No. 4217. ) Groswater Bay, Labrador. 

6. Molar teeth in profile (X about 4); (a) upper aeries; (6) lower series. 

7. Crowns of molar teeth ( X about 10) ; (a) upper series ; (d) lower series. 
8 and 9. Phenacomye ungava^ $ ad. (No. 6155.) Ungava. Type, 

8. Crowns of molar teeth (x about 10) ; (a) upper series; (Jb) lower series. 

9. (a) Skull from above ; (h) under jaw from left side ( X 2). 

10. Arvioola ripariuSf ad. Washington, D. C. First lower molar for comparison with 
corresponding tooth in Phenaoomys (fig. 6b)] (X about 4). 
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Plate III. 




6, 7. Phenacomys celatiis, adult. 
8, 9. Phenacomys ungava, <f adult. 
10. Arvicola riparius^ adult. 
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PLATE IV. 

tl. Phenacomya intermcditin^ jonng, Kamloopfl, British Columbia. T^e, 

a = iipprr UHilar \^TW9 ; b = lowtr ujfilar ftorieH ( x 10)* 
12* Phenacomys latimanust ^f young mi. (tiluS.) I'liguvii, T^fpt, 

a =^ upper molar aeries ; b = lower molar serii-a (x 10). 
13* PhenaeomifH cetatm, ^ ad* {5aa8.) Gotlboot, P. Q,, Canada. Tj/p*. 

a = npprr innlttr stories ; h = lower molar eeries { x 10). 
14* Jrvicoia nrntertt^, 9 ad. (IH^O.) Knoxvilli^, lowji* 

a =^ upper molar sories ; h ^ lower molar eeries ( x 10)* 
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PLATE IV. 





S^ 








11. Phoiffronn/s infmnrfJins. ytnim:. 

le. Ph> nnttnni/s hitiimniiis. ' youiiiT adult. 

13. rhrnaconif/srrladis. ,^ a-lult. 

14. Arviiiiht (mstim^. ^ adult. 
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PLATE V. 

15. EvotomyB gappmi, i ad. (1956 U. S. N. M.) Lake Saperior. 

a = upper molar series ; h = lower molar series (X 10). 

16. SynapiomyB oooperif yg. ad. (3230. ) Type, 

a = npper molar series ; b = lower molar series ( X 10). 

17. CuniculuSy^ Ad. (6160.) Fort Chimo, Ungaya. 

a = upper molar series ; h = lower molar series (X 10). 

18. Myode9, 9 ad. (6166.) Point Barrow, Alaska. 

a ^= upper molar aeries ; b =■ lower molar series ( X 10). 
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Plate V. 
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PLATE VI. 

Phenacomys intt^rmedius, yonng. (No. 780, Mas. Qeol, and Nat. Hist. Sorv., Canada.) 
Eamloops, British Colombia. Type, 
Fig. 1. Upper molar series, in situ (^m a photograph. X 15). 
Fig. 2. Lower molar series, in $iiu (from a photograph. X 15). 
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Plate VI. 




Phenacomys intermedius, yoiw^. 
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PLATE VII. 

Phenticomya intermediusj youDg. (No. 780, Mus. Geol. and Nat. Hist. Sarr., Canada.) 

Kamloops, British Columbia. Type, 
Fig. 1. Skull from below, showing teeth and the remains of the Hkull (from a 

photograph. X 5). 
Fig. 2. Under jaw from above (from a photograph. X 5). 
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Plate VIL 





Pm^nacomV^ (hiTtRMEOfus. i^.-i* 
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PLATE VIII. 

(All natural size.) 

1>4. Lagomys achisHeepSf ^ ad. (No. 5376.) Doddof, California. Type. 

1. Skull from above. 

2. Under jaw from the outside. 

3. Basioccipital from below. 

4. Palatine fossa. 

5 and 6. Lagomya princeps. Boulder County, Colorado. 

5. Basiocoipital. 

6. Palatine fossa. 

7 and 8. Arctomytt dacoia, i ad. (No. 5113.) Black Hills, Dakota. Type. 

7. Skull from above. 

8. Under jaw from the outside. 
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Plate VIM. 
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U. S. Department op Agriculture, June 4, 1890. 
Sir : I have the honor to transmit herewith No. 3 of North Ameri- 
can Fauna. It contains part of the results of a Biological Survey 
wiiich I had the honor to conduct, under your instructions, in the San 
Francisco Mountain region in Arizona during August and September, 
1889. 

Respectfully, 

0. Hart Merriam, 

Chief of Division of 
Ornithology and Mammalogy. 
Hod. J. M. Busk, 

Secretary of Agriculture. 

lU 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



CONTENTS. 



Page. 

Letter of traasinittal Ill 

Prefatory uote I 

Itinerary 3-4 

First trip to Painted Desert 3 

Secood trip to Painted Desert 4 

Trip to Grand Cafion 4 

Part I. — General Results of a Biological Survey of the San Fran- 
cisco MoDNTAiN Region and Desert of thk Little Colouado, Arizona, 

WITH Special Reference to the Distribution of Species 5-34 

General physical features of Arizona 5 

General features of the San Francisco Mountain Region 5 

Remarks on the geographic distribution of species characteristic of the 

several zones of the San Francisco Mountain Region 7-20 

Alpine zone 7 

Sub- Alpine or Timber line zone 8 

(Central) Hudsoniau or Spruce zone 9 

(Central) Canadian or Balsam Fir zone 10 

Neutral or Pine zone U 

Pifioa zone / VZ 

Desert area 13 

Interrolatiuus and acuities of the several zones 17 

Life Areas of the Sau Francisco Mountain Region (table)... 20 

Origin of the Boreal Fauna aud Flora of Sau Francisco Mountain 20 

Origin of the Fauna and Flora of the Painted Des' rt 21 

Generalizations concerning the distribution of life in North America 2'2-'Z6 

Overthrow of the so-called ' Central Province ^ of Naturalists 22 

Evidence on which the 'Central Province' was based 23 

Significance of isolated type.s 23 

Principal Life Regions of North America 24 

Causes which determiue distribution 26 

Climate of the San Francisco Mountain Region and Desert of the Little 

C<dorado 29-34 

Part II. — Grand CaSon of thk Colorado, between the Kaibab and 

CocANiNi Plateaus, Arizona 35-41 

General remarks on t he Gnind Canon of the Colorado 35 

List of Mammals noted at the Gr*ind Canon of the Colorado 37 

List of Birds noted at the Grand Cauou of the Colorado 38 

Part IIL— Annotatkd List of Mam.mal8 of thk San Francisco Mount- 
ain Plateau and Deskkt of the Little Colorado, Ari- 
zona, with Notes on their Vertical Distribution, and 

Descriptions of New Species 43-86 

Mammals of the several zones 85 

V 



Digitized by VjOOQIC 



VI 

page 
Part IV.— Annotated List of Bikds op thk San Francisco Mountain 

Platkau and Desert of the Little Colokado, Arizona ..b7-10 
Part V.— Annotated List of Rkptiles and Batrachians of tue San 
Francisco Mountain Plateau and Desert of tub Little 
Colorado, Arizona, with Descrittions of New Species. By 

Leonhard Stejne^er 103-11^ 

Forest Trees of the San Francisco Mountain ReRiou, Arizona 119-125 

Keiation of a Biological Snrvey to Agriculture 125-I2i 

Bibliographical appendix 127-1* 



Digitized by VjOOQIC 



ILLUSTRATIONS 



COLORED MAPS. 



I. Map of Arizona, showing the Life Areas of the Colorado Platean. 
^ Biological Map of the San Francisco Mountain Region, Arizona, showing the seven 
Life Zones defined by the Sorvey. 

3. Map of the San Francisco Moantain Region, showing the distribution of Pinus ar- 

istata, P, ponderosay and P. edulis, 

4. Map of the San Francisco Mountain Region, showing the distribution of Picea en- 

gelmunni, Pseudotsuga douglasii and Juniperus oceidentalis monosperma, 

5. Provisional Biological Map of North America; showing the principal Life Areas. 

PLATES. 

Plat« I. Diagrammatic profile of San Francisco Mountain and O'Leary Peak from 
SW. to NE.) showing the several Life Zones and effects of slope-ex- 
posure. 
II. Diagram showing effects of slope-exposure on a volcanic cone north of 
San Francisco Mountain. 
III. Figs. I74, Hesperomys megalotis (teeth) ; figs. 5-8, ffesperomyt leucepus 

rufinuB (teeth). 
IV. Figs. 1-4, Heaperomys megalotis (skull). 
V. Figs. 1-2, Arvicola alticolus (skull); tigs. 3-4, Armcol^t mogollonensia (skull); 
figs. 5-7, Perognathus intermedius (skull). 
VI. Figs. 1-4, Arvicola alticolus (teeth) ; figs. 5-8, Arvicola mogollonensia {teeth). 
VII. Figs 1-5, Z€piw/€jcia«tt« (skull and jaw). 
VIIL Figs. 1-5, Lepus arizonce (skull and jaw). 

IX. Figs. 1-3, Spermophilus cryptospiloiui (skull ) ; figs. 4-7, Cynomya gunni- 
8oni (skull). 
X. Figs. 1-4, MephiHt eator (skull) ; figs. 5-8, Neotoma mexicana (skull). 
XI. Lynx bailey % (skull). 
XII. Fig. 1, Crotaphytus baileyi ; fig. 2, Crotaphytus collaris ; fig. 3, Phrynoaoma 
ornaHaaimum ; fig. 4, Phrynoaoma hernandeai. 
XIII. Map of the United States, showing localities from which specimens of 
Crotaphytua baileyi and C. collaria have been examined. 

FIGURES IX TEXT. 

Fig. 1. Sorex monticolua (jaws with teeth x 10). 

2. Lepua arizona (outline of head and ear, natural size). 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



0. 3. NORTH AMERICAN FAUNA. August, 1890. 



RESULTS OF A BIOLOGICAL SURVEY OF THE SAN FRANCISCO MOUNTAIN 
REGION AND DESERT OF THE LITTLE COLORADO IN ARIZONA. 



By Dr. C. Habt Mebbiam. 



PBEFATOBY NOTE. 

Beoent oxplorationg in the west, conducted by the Division of Orni- 
thology and Mammalogy of this Department, led to the belief that many 
bets of scientific interest and economic importance would be brought 
to light by a biological survey of a region comprehending a diversity of 
pbjsical and climatic conditions, particularly if a high mountain were 
selected, where, as is well known, different climates and zones of ani- 
mal and vegetable life succeed one another from base to summit.' 
The matter was laid before the Assistant Secretary of Agriculture, the 
Hon. Edwin Willit«, and I was authorized by the Secretary, the Hon. 
J* M. Busk, to undertake such a survey of the San Francisco Mountain 
region in Arizona. San Francisco Mountain was chosen because of its 
southern position, isolation, great altitude, and proximity to an arid 
desert The area carefully surveyed comprises about 13,000 square kilo- 
meters (6,000 square miles), and enough additional territory was roughly 
examined to make in all about 30,000 square kilometers (nearly 12,000 
square miles), of which a biological map has been prepared. No less 
than twenty new species and subspecies of mammals were discovered, 
together with many new reptiles and plants ; and the study of the 
fauna and flora as a whole led to unexpected generalizations concern- 
ing the relationships of the life areas of North America, necessitating 
a radical change in the primary and secondary divisions recognized. 

The most important of the general results are : 

(1) The discovery that there are but two primary life areas in North 
-America, a northern (boreal) and a southern (subtropical), both ex- 
tending completely across the continent and sending oft' long interpene- 
trating arms. 
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(2) The consequent abandonment of the three life areas commonly 
accepted by naturalists, namely : The Eastern, Central, and Western 
Provinces. 

(3) The recognition of seven minor life zones in the San Francisco 
Mountain region, four of boreal origin, and three of subtropical or 
mixed origin. 

(4) The correlation of the four boreal zones with corresponding^ zones 
in the north and east. 

The present paper consists of five parts : (1) an announcement of the 
general results of the survey, with special reference to the geographic 
and vertical distribution of species ; (2) results of a brief visit to the 
Grand Canon of the Colorado 5 (3) an annotated list of the Mammals of 
the San Francisco Mountain region including the desert of the Little 
Colorado, with descriptions of new species ; (4) an annotated list of the 
Birds ; (5) an annotated list of the Beptiles and Batrachians, with de- 
scriptions of new species. 

Prof. F. 'H. Knowlton, assistant paleontologist, U. S. Geological Sur- 
vey, joined the party in the summer and collected the plants upon 
which many of my generalizations are based. He has placed me under 
great obligations by allowing me the unreserved use of this material 
and the privilege of announcing important results from the stand- point 
of the geographic distribution of species. I am indebted also to Mr. 
Frederick V. Coville, assistant botanist, XT. S. Department of Agricult- 
ure, for the determination of many of the more difficult plants. 

Dr. Leonhard Stejneger, curator of reptiles in the XJ. S. National Mu- 
seum, joined the expedition in September. Though unable to visit the 
desert region, he made notes and colored sketches from the living ani- 
mals collected by Mr. Bailey and myself, and has prepared the report 
on Beptiles and Batrachians which constitutes part four of the present 
bulletin. 

My assistant, Mr. Vernon Bailey, deserves special recognition for the 
faithful and efficient performance of the duties assigned him, and it 
should be added that much of the success of the season's work is due to 
his zeal and intelligence. 

It is proper also to acknowledge the assistance rendered by Mr. D. 
M. Eiordan, and his brothers Thomas and M. J. Biordan, of Flagstaff, 
Arizona. 

Much more would have been accomplished but for the insufficient fund 
available for the survey (only a little more than $600 to cover the total 
cost of transportation, outfitting, hire of animals and men, purchase of 
tents, supplies, etc.), thus permitting the employment of but one man as 
cook and general camp-hand ; while the animals, both in number {knd 
quality, were far below the standard usually considered necessary for 
field work, which circumstance caused many annoying-delays. All our 
traveling was done on horseback, and our packing on burros. 
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The altitudes given in the present paper were determined by means 
of aneroid barometers, and too much confidence mnst not be placed in 
their extreme accuracy. 

The base maps made use of are those of the U. S. Geological Survey, 
for which I am indebted to the Director of the Survey, Maj. J. W. Powell, 
and to the chief geographer, Mr. Henry Gannett. The picture of San 
Francisco Mountain, which forms the frontispiece of this report, is from 
the sixth annual report of the U. S. Geological Survey. 

The colored map of Arizona, showing the life areas of the Colorado 
plateau south of the Grand Gallon (map 1), is based upon the present 
survey, supplemented by information derived from the U. S, Geological 
Survey. 

For the sake of convenience, the names employed to designate the 
various life areas are those iu common use ; and the author wishes to 
state that he does not commit himself to these names, or to the relative 
value of the terms indicating rank (Province, Region, Zone, etc.), all of 
which have been employed in diametrically opposite ways by different 
writers. 

ITINERARY. 

The following brief itinerary, in connection with the accompanying 
maps, will enable the reader to trace the routes of the expedition and 
determine the positions of the localities mentioned in the report. 

Flagstaff, Arizona, a station on the Atlantic and Pacific Railway, is 
the point of departure for San Francisco Mountain. I reached Flagstaff 
July 26, 1889, and was joined next day by my assistant, Mr. Yernon 
Bailey. After spending three days in outfitting, we proceeded to Little 
Spring, at the north base of San Francisco Mountain, and pitched our 
tents in a grove of aspens and pines, on a knoll just northwest of the 
spring, at an altitude of 2,500 meters (8,250 feet). This was our base 
camp for two months, and from it numerous side- trips were made into the 
surrounding country. Three of these were of special importance, name- 
ly, two trips across the Painted Desert and one to the Grand Canon of 
the Colorado. During these expeditions I crossed the Painted Desert 
and the Rio Colorado Chiquito four times, spending in all sixteen days 
on the desert. I visited also Walnut Canon, about 9 kilometers (5^ 
miles) south of Elden Mountain ; and local collections were made in the 
pifion and chaparral near a volcanic crater containing ruins of cliff 
dwellings 8 kilometers (5 miles) east of O'Leary Peak, and in various 
other directions. A branch camp wj\s established jU8t below timber 
Kne on the main peak of San Francisco Mountain, and the rocky sum- 
mit above timber line was climbed several times. Keudrick and O'Leary 
Peaks also were ascended. 

FIRST TRIP TO PAINTED DESERT, AUGUST 12 TO 19, INCLUSIVE. 

The route followed skirted the north and east sides of San Francisco 
Mountain, passing through the pine forest by way of Partridge Spring, 
and along the edge of CKLeary Park, keeping west of O'Leary and 
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Sanset Peaks, and theuce turniDg goutheasteriy to Turkey Tanks. The 
dry bed of the Little Colorado River was crossed at Grand Falls, and 
Tenebito Wash was followed to the high mesa on the east side of the 
desert; this mesa was ascended and a trail was taken northward to a 
point about 25 kilometers (16 miles) north, or a little west of north, 
of the Moki pueblo of Oraibi ; an abrupt turn to the south was then 
made, and Grand Falls was reached by an Indian trail south of that 
taken on the outward journey, a short stop having been made at Oraibi, 
where water and goat's milk were obtained from the Indians. Frorei 
Grand Falls the course lay across the lava beds direct to the north base 
of the mountain, instead of by way of Turkey Tanks; as on the outward 
journey. The total distance traveled was 370 kilometers (230 miles). 
The heat was intense and much suffering was occasioned by want of 
water. 

SECOND TRIP ACROSS THE DESERT, SEPTEMBER 20 TO 27, INCLUSIVE. 

A northeasterly course was taken from Little Spring to Black Tank, 
thence to the Little Colorado at Tanner's Crossing, following the Mor- 
mon traiLand crossing the river about 56 kilometers (35 miles) north oC 
Grand Falls, and continuing in a northeasterly direction to Moencopie 
Wash, which was followed to Echo Cliffs, and the southern point of 
Echo Cliffs mesa was crossed from Moa Ave to Tuba. Tanner's Gulch 
and the Pueblo of Moencopie were visited and Moencopie Wash was 
followed down to the point of departure for Echo Cliff's, whence the 
return to the mountain was made by nearly the same route as on the 
way out, the total distance traveled being about 280 kilometers (175 
miles). The temperature was very much lower than during the former 
trip across the desert, and some of the nights were even cold. The re- 
cent heavy showers had left some water in the Little Colorado and in 
scattered alkaline pools in Moencopie Wash, and als6 in the gulches in 
the lava beds between San Francisco Mountain and the Little Colorado. 

TRIP TO THE GRAND CAJtON OP THE COLORADO, SEPTEMBER » TO 16, INCLUSIVE, 

The usual road was followed from Little Spring to Hull Spring and 
Bed Horse Tank, and thence to the tank known as Caiion Spring on 
the Cocanini Plateau, close to the canon, which is here about 1,800 
meters (6,000 feet) in depth. Mr. Bailey and myself climbed down into 
the canon and remained in it two days and two nights. 
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PART I.-GENERAL RESULTS OF A BIOLOGICAL SURVEY OF THE SAN 
FRANCISCO MOUNTAIN REGION IN ARIZONA, WITH SPECIAL REFER- 
ENCE TO THE DISTRIBUTION OF SPECIES. 



By Dr. O. IIabt Mebriam. 



OBNEBAL PHYSICAL FEATURES OF ARIZONA. 

Arizona as a whole may be readily divided into two very distinct 
physiographic areas — an elevated plateau area and a low desert area. 
A high cliff or escarpment^ one of the best marked and most extensive 
in the North American continent, enters Arizona from Utah and com- 
pletely crosses the Territory from northwest to southeast, marking the 
southern limit of the great Colorado Plateau. Though it does not 
everywhere maintain the form of a precipitous cliff, it has an average 
lieight of at least 1,200 meters (4,000 feet), and in some places its crest 
is more than 1,600 meters (5,000 feet) above the plain below. In its 
effects upon the life of the region it is an important faunal barrier. The 
region to the south is in the main an arid desert, interrupted by a few 
irregular ranges of mountains. The region to the north, beginning at 
the top of the cliff and occupying the northern part of Arizona, is a 
southward continuation of the Great Interior or Colorado Plateau, the 
plateau on which the Rocky Mountains rest. 

GENEBAL FBATDEES OF THE SAN FBANCISCO MOUNTAIN BEGION. 

San Francisco Mountain is on this plateau, in the north -central part 
of the Territory (in latitude 35o 20^ K ; longitude 111^ 41' W.). It is 
a volcanic peak rising 3,900 meters (12,794 feet) above sea-level and 
rests on a lava base which is everywhere more than 2,130 meters (7,000 
feet) in elevation, and overlies red sandstone and carboniferous lime- 
stone. This plateau comprises about 2,000 square kilometers (800 square 
^Jles), and measures about 72 kilometers (45 miles) from east to west by 
53 kilometers (33 miles) from north to south. 

Poor other volcanic peaks (O'Leary, Kendrick, Sitgreaves, and Bill 
WilHams), ranging in height from 2,750 to 3,200 meters (9,000 to 10,500 
feet), together with many Imttes, cones, and craters, some of which con- 
'^in * crater lakes,' occupy th« same elevated base level. San Francisco 
Mountain proi)er, cut oflf from all surrounding and attached hills and 
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buttes at tbe height of 2,450 meters (8,000 feet), is about 19 kilometers 
(12 miles) in north and south diameter by 15 kilometers (9 miles) in east 
and west diameter, and covers about 180 square kilometers (70 square 
miles). 

The lava plateau above 2,130 meters (7,000 feet) altitude Is covered 
throughout by a beautiful forest of stately pines (Pinns ponderosa), 
which average at least 33 meters (100 feet) in height. There is no under* 
growth to obstruct the view, and after the rainy season the grass be- 
neath the trees is knee-deep in places, but the growth is sparse on ac- 
count of the rocky nature of the surface. The pine forest extends up 
the mountain as high as 2,675 meters (8,800 feet), but loses its distinctr 
ive character at about 2,600 meters (8,200 feet), where it is replaced in 
the main by a forest of Douglas fir {Pseudotsuga douglasii), the same as 
that found from California to Puget Sound and British Columbia. The 
Douglas fir reaches an altitude of about 2,800 meters (9,200 feet), here 
giving place to Engelmann's spruce {Picea engelmanni), which covers 
the mountain sides between the altitude named and timber line (about 
3,500 meters (11,500 feet). The fox-tail pine (Pinus aristata) beg^ins a li^ 
tie lower down than Engelmann's spruce and accompanies it to tbe 
upper limits of tree growth, where both exist as depauperate forms 
scarcely more than a foot in height. The summit of the mountain 
above timber line consists of bare volcanic rock and is covered with 
snow about nine months of the year. 

Again passing down to the plateau, and thence in an easterly direc- 
tion to lower levels, a zone of cedar and piiion is first encountered — a 
belt varying in width from one to several miles according to the steep- 
ness of the slope. The only trees in this belt are junipers (locally 
known as * cedars') and the pifion or nut pine {Pinvs edxilis)^ whose nut fur- 
nishes food to the Indians and the mammals and Birds of the region. 
Descending still lower, the Desert of the Little Colorado is entered — 
an arid, treeless area whose upper limit may be set at the 1,800 meter 
(approximately 6,000 foot) contour or level. Parts of this desert are 
devoid of vegetation, while other parts support a scanty growth of 
cactus, greasewood, and a few other species. 

In the foregoing account the general features of the several zones of 
the San Francisco Mountain region have been briefly outlined. Reca- 
pitulating, it may be said that in ascending from the hot and arid 
Desert of the Little Colorado to the cold and humid summit of the 
mountain no less than seven zones are encountered, each of which may 
be characterized by the possession of forms of life not found in the 
others. These zones, with their respective altitudes, are — first, the arid 
Desert region, below 1,800 meters (6,000 feet) ; second, the Pinon belt, 
from 1,800 to 2,100 meters (6,000 to 7,000 feet) ; third, the Pine, from 
2,100 to 2,500 meters (7,000 to 8,200 feet) ; fourth, Douglas fir, from 
2,500 to 2,800 meters (8,200 to 9,200 feet) ; fifth, Engelmann's spruce, 
from 2,800 to 3,500 meters (9,200 to 11,500) ; sixth a narrow zone of dwarf 
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spruce; and seventh, the bare rocky suiiimit, snow covered the greater 
part of the year.* These facts as isolated facts would be of compara- 
tively little interest, but in their bearing on the problems of geographic 
disiribntion a very deep interest attaches to them. This will appear by 
passing in review the distinctive plants and animals of the several 
zones, and tracfng their distribution in other parts of their ranges. 

REMARKS ON THE GEOGRAPHIC DISTRIBUTION OP SPECIES CHAR- 
ACTBBISTIC OP THE SEVERAL ZONES OF THE SAN FRANCISCO 
MOUNTAIN REGION IN ARIZONA. 

ALPINR ZONE. 

[Approximate altitude : Above 3,500 meters, or 11,500 feet.] 

Nine species of plants which grow on the bleak and storm-beaten 
summit of San Francisco Mountain were brought back from Lady Frank- 
lin Bay by Lieut, (now General) A. W. Greely. These species are : 

An6ro%ace seplentrionalis Cystopteris fragilis SiOrifraga nivalis * 

Jrenaria vema Saxifraga ccnspitosa OxifHa digyna 

C€ra»timm alpiuum Saxifreiga flagellaris Trisetam subspicatam 

One or more of them have been found at each of the following locali- 
ties : British Columbia, Unalaska, Bering Strait, Kotzebue Sound, 
PointBarrow, Melville Island, Back's Great Fish River, Hudson Bay and 
Strait, Labrador, Baffin Bay, Greenland, Iceland, Spitzbergen, New- 
foundland, Gulf of St Lawrence, White Mountains of New Hampshire, 
Becky Mountains, Selkirks, and Sierra Nevada. Several of them occur 
also in the arctic portions of the Old World, extending as far south along 
the coast as the island of Yeso, North Japan, and appearing again in 
the high mountains of Boumelia, in the Caucasus, the Carpathian 
Mountains, and the Alps. 

Sibbaldiaprocumbens is another polar species inhabiting arctic America 
trom the x)eninsula of Unalaska to Hudson Bay, Labrador, and Green- 
land, and flourishing also throughout the arctic regions of Asia. It 
comes south along the higher summits of the Cascade range, the Sierra 
N^evada, and the Eocky Mountains, and occurs in isolated colonies on 
the barren peaks of San Francisco Mountain^ in Arizona and Mount 
Washington in New Hampshire. In the same way it inhabits the 
mountains of Central Asia and Siberia, and also the Carpathian Mount- 
ains, the Apennines, the Alps, the Pyrenees, and the Himalaya. 
Qeum rossii belongs to the same category, growing from Greenland 

*Th6 normal altitades here given for the variouB tree zones of San Francisco 
Mountain are averages for the northwest side of the mountain. Favorable southern 
and Bonthwestem exposures carry the zones up a hundred meters or more above these 
Umits, while similar northern and northeastern exposures, particnlarly in gulches 
•ndcalions, deflect the zones as much as two, or even three hundred meters. The 
normal average differeuce in altitude of the same zone on the southwest and north- 
w«k sides of San Francisco Mou;itain is about 275 meters (900 feet). 
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and the shores and islands of Hudson Strait to Melville Island and the 
coasts of Bering Strait and Unalaska, and also in the northern part of 
Siberia and Kauischatka. It comes southward in the Bocky Moantains, 
inhabiting the higher peaks of the Uintas and of Colorado, and is the 
most conspicuous plant above timber line on San Francisco Mountain, 
where it forms dense mats of green among the bare rocks — ^patches of 
such extent that they may be seen from the plateau level below. 

Other arctic plants found above timber line on San Francisco Mount- 
ain, most of them circumpolar species, are : 

ArenaHa alpina Polemonium confertum Silene aoaulis 

Cera4itium arrense Sagina linnm Stellaria umbellata 

Festuca hrevi/olia Saxifraga dehilis Thluspi alpesire 

It appears from what has been said that many of the plants found on 
the high rocky summit of San Francisco Mountain occur on the hig^her 
peaks of the Rocky Mountains, the Sierra Nevada* and Cascade ran^e, 
and the Appalachian chain ; they occur along the arctic coasts of Alaska, 
Hudson Strait, North Labrador, Greenland, North Siberia, and Spitz- 
bergen ; they occur in the Alps of Europe, in the Altai and Ural Mount- 
ains, the Pyrenees, and some of them even in the Himalaya. In brief, 
they inhabit the arctic regions of the globe and extend far south on the 
summits of the higher mountain ranges. Plants and animals having 
such a distribution are termed Arctic- Alpine Circumpolar species. 

We collected no insects at high altitudes on San Francisco Mountain, 
but butterflies and diptera from great elevations in Colorado have been 
shown to be identical with species from Mount Washington, Labrador, 
and Greenland. 

Among birds, the Golden Eagle ^a truly circumpolar species, though 
not confined to the arctic zone — rears its young on San Francisco 
Mountain. 

There are no exclusively arctic mammals on the top of this high 
mountain, because such mammals could not exist long in so small an 

area. An Ermine Weasel {Putorius sp. i) inhabits the summit^ 

and the Big-horn or Mountain Sheep, another truly circumpolar type, 
spends the summer there, descending in winter to lower levels. • 

sub-Xlpine or timber- li'nk zone. • 

[Approximate altitude, 3,200-3,500 meters, or 10,500-11,500 feet.} 

Just below the barren arctic summit of the mountain is a narrow belt 
which may be named the Timber-line zone. Here the trees which reach 
timber line (in this case Picea engelmanni and Pinus aristata) lose the 
upright or arborescent habit and exist as stunted and prostrate trunks, 
whose gnarled and weather-beaten forms bear testimony to the severity 
of their struggle with the elements. In this narrow belt a number of 



* EDgler tells us that 26 per cent, of the plants found on the High Sierra Nevada 
are found also iu the Alps and throughout arctic Europe. 
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bardy little plants attain their maximum development, decreasing rap- 
idly in abundance both above and below. Among these are : 

Areitaria hifiara carnuloga Oentiana barhellata Potentilla di$secia 

Ceroitium alpinum hekring- Gentiaita tenella Primula parryi 

uunim Heuchera ruhescens Saxifraga debilis 

CcraUorkiza muUifiora Lazula upadieea parriflora Sedum rhodantkum 

Dnba aurea Pedicularis parryi Veronica alpina 

EpUobimm uuinumtannm Pk hum alpinu m 

Uany of them ate circumpolar species found throughout the northern 
legionsof America, and some of them throughou t the northern regions of 
the world, coming south on high mountains and occurring in greatest per- 
fection just at or near the edge of the northern limit of trees, and at tim- 
ber-line on mountains further south. Such plants are known to botanists 
as ^8ub- Alpine species,'^ and it would be well if the term subalpine were 
restricted to the characteristic species of this zone. 

Among birds, the Titlark {Anthus pensilvanicus) was found at the top 
of the mountain, where it probably breeds. It breeds in grassy places 
on the high peaks of the Bocky Mountains, and at sea-level in Labrador, 
Greenland, and throughout arctic America; and birds congeneric with 
it are known to breed throughout the arctic iwrtions of the Old World. 

(central) hudsoniak or spruce zone. 
[Approximate altitude, 2,800-3,200 meters ; or 9,200-10,500 feet.] 

Passing down into the next zone, the Spruce zone, a number of plants, 
birds, and mammals are encountered, which are characteristic of humid 
northern regions, but regions not quite so cold as those inhabited by 
the species which occur on the snowy summit and at timber-line. The 
eharacteristic trees of this zone are Engelmann's spruce (Picea engeU 
nanni) and the fox-tail pine {Pinus aristata). Some of the small plants 
are: 

AfuUegia ekrytantha Penisiemon glaueus steno- Solidago multiradiaia 
Laikyma arixonicu9 sepal us Zygadenus elegans 

MertcMsia paniculuta Pyrola chloraniha 

Mone$e$ nnijlora Rihes aeiosum 

The fact of present interest is that many of the plants here enumer- 
ated as growing in the Spruce zone of this mountain are equally charac- 
teristic of the upper spruce belt of the higher Alleghanies, the Rocky 
Hoontains, the Cascades, and the Sierra Nevada, and occur also in the 
great northern spruce forest of Canada. It is well known that the north- 
ernmost part of our own continent consists of bare rock and frozen tun- 
dras. There are no tre^s along the sea edge of Labrador or Hudson Strait, 
or along the coast region of arctic America from Boothia Felix to Alaska, 
but jast south of this region a large forest begins which has been called 
the ^ Great Pine Forest.' There is not a pine tree in it, but it is called 
pine because conifers in general are called pines by people who are not 
botanists. The tree that grows there is a species of spruce congeneric 
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with the spruce which occurs high up ou San Francisco Mountain, and 
many of the humbler plants are either identical or closely related repre- 
sentative forms. 

Among the birds which breed in the Spruce belt on this mountsun are 
the Goshawk, Dusky Horned Owl, Dusky Grouse, Evening Grosbeak, 
and Clark's • Crow. The Goshawk and Dusky Homed Owl range 
throughout the spruce forests of the north, from Labrador to Alaska, 
aud south in the mountains; while the others are confined to its west- 
ern parts and outliers. 

Of mammals, the Porcupine is the only one believed to be restricted 
to this belt during the season of reproduction, and, like the Big-horn, 
it comes down to lower levels during the winter. Bears ( Ursus)^ Shrews 
{Sorex)y Voles {Arvicola)j and Bed Squirrels (Sdurtcs fremonti mogoh 
lonensis) range throughout the spruce and fir zones but were not found 
below. 

(CENTRAL) CANADIAN OR BALSAM FIR ZONE. 

[Approximate altitude: 2,500-2,800 meters ; or 8,200-9,200 feet.] 

The distinctive tree of this zone is Douglas fir {P8eudi)t8uga douglasU)^ 
which ranges northward to British Columbia. Another tree of nearly 
coincident vertical distribution on the mountain is the lofty Rocky 
Mountain Pine {Pinusflexilis macrocarpa)^ which extends north to the 
Kootenai region and Calgary in Canada. Wherever the Douglas flr 
has been burned oflP, its place is taken by the aspen (Fopulus trenmhides), 
a species of wide distribution in the north, where it ranges from New 
England to Newfoundland and Labrador, and thence westward to 
Alaska, reaching its highest perfection along the southern part of the 
great coniferous forest of northern Canada, and coming south in the 
mountains. 

Among the smaller plants of the Douglas fir zone are : 

Aci^a apicata Gentiana affinie Potentilla fruticosa 

BerherU repens Gentiana heteroaepala Bihes ruabyi 

Ceanothus fendUri Geum trijtorum Violu canadensis scopulorum 

Nearly halfof the above (namely, Gmm triflorum^ Potentilla fmUcoaa^ 
Actcca «pioafa,and Viola canadensis) have a wide range in the Canadian 
flora of the East and North, or are representative forms of such species ; 
and probably Ceanothus fendleri may be safely regarded as the western 
representative of 0. ovatusj which ranges eastward from the Rocky 
Mountains to Vermont. 

One batrachian, a Salamander of the genus Amhlystoma^ has been 
found in this zone. Allied species inhabit the Canadian fauna of the 
East. 

A number of species of birds are characteristic of the Douglas fir 
zone. At least eight of these are either identical with or closely related 
representative forms of species which are well-known members of the 
Canadian fauna of the East, most of them breeding in northern New 
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England) the Adirondacks, and southward in the Alleghanies. These 
are: 

Three-toed Woodpecker (Picoidts ameri- Brown Creeper {Certhia famiiiaris mon- 

cunus domaXU) tana) 

OtiTe-sided Flycatcher (Coft/o;>ii«6arfa7i«) Rubv-crowned Kinglet {llegulun valen- 

CitMsbill (Loxia currirostra slncklandi) dula) 

Fine lAnnet {Spinus pinus) Audubon's Thmsh {Turdus aonalaschkw 

Aodnhon's Warbler (Dendroica auduboni) auduboni) 

The following species which breed in the Douglas fir belt on San 
Francisco Mountain do not occur in the East^ though but one genus 
[Mtfodestes) is unrepresented in the East : 

Townaend's Solitaire {Myadestetf trnvn- Long-crented Jay (Cyanocitta atelleri ma- 

temdii) crolopha) 

Broad-tailed Hnmming- bird (Trochilus Louisiana Tanager (Piran^/a ZtMiotHoiana) 

pUhfcereus) Mountain Chickadee {Farm gamheli) 

It is probable that Parus gambeli and Myadestes townsendii range up 
from the Fir into the Spruce zone. 

Of mammals, there are two species of Field Mice or Voles (Arvicola 
aUieolus and A. mogoUonensis)^ one Shrew (Sorew inonticolus)^ and one 
Bed Squirrel {Seiurus fremonti mogollonensis)^ all of which extend up 
into the Spruce belt, but none of which were found below. It is evident 
that the Spruce and Balsam zones are closely related. 

NEUTRAL OR PINK ZONE. 

[App'X)ximate altitude : 2,100-2,500 meters, or 7,000-8,200 feet] 

1%e characteristic and only tree of the Pine zone is Finv^ ponderosay 
which forms an unbroken forest over the whole of the lava plateau above 
the altitude of 2,100 meters (about 7,000 feet) and extends up as high, 
in some of the parks, as 2,675 meters (8,800 feet). As a distinctive 
species, however, it loses its character at about 2,500 meters (8,200 feet) 
where it is invaded, and soon after replaced, by Finus flexiliSj Pseudot- 
9uga douglasiij and Populus tremuloides. Pinus ponderosa may be re- 
garded as a tree of the middle elevations, occurring between the pifton 
and cedar of the lower hills, and the firs and spruces of the higher 
mountains. In such situations it ranges from the highlands of western 
Texas and northern Mexico, northward along the Kocky Mountains and 
Sierra Nevada to the dry interior of British Columbia, in latitude 51o, 
SC, avoiding the region of excessive rain-fall along the coast from north- 
em California northward. 

Among the more conspicuous of the smaTl plants occurring in the Pine 
belt of San Francisco Mountain, and having a more or less coincident 
distribution with that of Pinus ponderosa just cited, are: 

Campanula parryi Gilia aggregata attenuata Oxytropis lamberti 

frasera ipeoiosa Oxybaphu8 angustifolius PenMemon barbatus tarreyi 

The one distinctive mammal of the Pine belt is Abert's Squirrel (Sci- 
^m aberti) which ranges through the pine regions of Arizona, New 
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Mexico, aud Colorado, and has been reported from Durango, in Mexico 
Very little can be said with certainty as to the characteristic birds oi 
the Pine belt, the date of my arrival at the mountain being so late (encj 
of July) that the birds had finished breeding and were beginning- tc 
wander. The following species, however, were nearly confined to the 
pines at that date and are known to breed there : 

Red-backed Janco {Junco cinereus dor- WeBieruFljoAtcheT (Empidonar dijicili*} 

aalis) Richardson's Flycatcher {Coniopu9 ri^- 

Nuttall's Poor- will {PhalcdnopiUus naU ardsoni) 

tali) Pigmy Nuthatch (Sitta pygmcsa) 

The only reptile found in the Pine belt is a handsome horned toad 
(Phrynoaoma hemand^i), which is abundant. 

Pli?ON ZONK. 

[Approximate altitude, 1,800-2,100 meters, or 6,000-7,000 feet.] 

The distinctive trees of this zone are the piiion, or nut pine {Pin%ts 
edulis)^ and the so-called * cedar' (Juniperusoccidentalis monosperma) both 
averaging about 5 meters (16^ feet) in height. The singular checker- 
bark juniper {Juniperus p<ichyphl(ea), a very handsome and conspicaous 
species, occurs in two or three special localities, but is rare. Several 
large shrubs not observed elsewhere are abundant in parts of this 
belt/ namely, Berberis fremonti, Rhus aromatica trilobata^ and Spireea 
discolor dumosa. Near the Grand Canon of the Colorado and again at 
Walnut CaHou, where the lava rock gives place to limestone, these 
shrubs are joined by Cowania niexieanaj SpirwamillifoUum, and Bobinia 
neo-mexicana; and TtcccaangustifoUaxa replaced by Yucca baccata, Ju- 
niperuB californica utah^nsis also grows at the Grand Canon. A dense 
chaparral {Fallugm paradoxa) forms extensive thickets east of O'Leary 
Peak and occurs sparingly over most of the Pinon belt, even extend- 
ing down into the desert in places. Both the pinon and cedar ocenpy 
elevations of corresponding temperature in the arid lands from west- 
ern Texas through New Mexico and Arizona and north to central G<^- 
orado, and the cedar reaches westward to southern California. Closely 
related and strictly representative forms extend northward through the 
Great Basin to the Plains of the Columbia. The other species men- 
tioned occupy more or less of the same range, and some of them push 
northward over the Great Plains as well as the interior basin. 

The most conspicuous bird, of the Piiion belt is the Pifion Jay ((^af»* 
ocephalus cyanocephalus). Other characteristic species are Woodbouse's 
Jay {Apheloconia woodhomei\ the Gray Tufted Tit {Parus inorwUvs 
grisem)^ the Gnatcatcher {PoliopiiUi cwrulea), and the Bush Tit (Pm^ 
triparus plumbeous). The range of these species, taken collectively, is 
cx)exten8ive with the distribution of the cedar belt above described. 

The large Bock Squirrel {Spermophilus grammurus) is the most char- 
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aeteristic mammal of the Piiion belt, with which ita range ap|>ears to be 
nearly coincident. It occurs in snitable localities from western Texas 
to Uie Great Basin in Utah and Nevada. Two or three small mammals, 
characterized by darkness of coloration, seem to be restricted to this 
belt, namely, Spennophilus spilosoma obsidianusj PerognathusfuliginosuSj 
and Onychomys fuliginosu9j which are here described for the first time. 
(See part lU.) 

Lizards abound in the Piiion belt, becoming moro namerons toward 
the desert, bnt two species (Sceloporus consobrinua and Uta ornata) 
which abound in the Piiion belt were not found in the desert below. 

THE DESERT AREA. 

[Approximato altitade : 1^200-1,800 meters, or 4,000-6,000 feet. ] 

The Desert of the Little Colorado, sometimes known as the 'Painted 
Desert,' is a great basin about 1,000 meters (3,300 feet) iu depth, situ- 
ated on the top of the plateau. It was excavated, as its name indicates, 
by the drainage system of the Little Colorado Biver— the Colorado 
Chiqnito of the Mexicans — and consequently is lowest at the north, its 
Blope being atoay from the southern edge of the plateau. The river 
has cut its bed down to about 820 meters (2,700 feet) at the point where 
it empties into the Grand Canon of the Colorado, and throughout the 
lower part of its course it flows through a canon considerably below 
the level of the desert proper, the lowest part of which is but little less 
Uian 1,200 meters (approximately 4,000 feet) in altitude. Its upper 
limit may be set at 1,800 meters (6,000 feet). The term Painted Desert 
should be, restricted, it seems to me, to that part of the basin which is 
bdow 1,600 meters (approximately 5,000 feet).* 

The geology of the region is simple. The lowest stratum which comes 
to the surface is carboniferous limestone ; above this is red sandstone, 
which in turn is overlaid by the so-called variegated marls or argillaceous 
days, sometimes capped by a thin layer of impure coal or lignite. 
The limestone appears on the west side of the river only (?), where if is 
soon buried under the ancient lava floods from San Francisco Mountain 
and neighboring craters. The red sandst>one is encountered everywhere, 
sometimes as surface rock, sometimes as high cliffs forming the escarp- 
metits of broad mesas, and isometimep as curiously sculptured tablets 
standing on the plain. The marls are widely distributed, and in many 

•The area below 1,:}70 meters (4,500 feet) is about 120 kilometers (75 miles) in 
length, and that below 1,500 meters (5,000 feot), iiOO kilometers (125 miles). The long 
itis of the desert, slightly crescentic in form, and cnrv^ing from near the mouth of the 
Little Colorado in the northwest to New Mexico in the southeast, is 320 kilometers 
(200 miles) in length, with a transverse diameter of about 110 kilometers (70 miles) 
>IoDg the middle portion, and a total area of 29,800 square kilometers (11,500 square 
miles). Its eastern edge penetrates the boundarj' of New Mexico in two arms, follow- 
ing the usually dry courses of the ZuQi and the Carrizo, and nearly reaches the 
botmdary along the Rio Puerco, the largest tributary of the Colorado Chiquito. 
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places, particularly south of the lower part of Moencopie Wash,* rise 
from the surface level in the form of strangely eroded hills and ranges of 
stratified cliffs whose odd shapes and remarkable combinations of colors 
— red, white, blue, brown, yellow, purple, and green — have given the 
area in which they occur the name 'Painted Desert' There are hun- 
dreds of smoothly rounded, dome-shaped hills of bluish clay, utterly de- 
void of vegetation, and almost identical in appearance with the < gumbo 
hills,' of the Bad Lands bordering the Little Missouri in North Dakota. 
Both the hills and the naked clayey flats between them abound in alkali 
vents — miniature craterlets — where the alkali effloresces, crusting over 
the surface in patches which resemble newly fallen snow. Many of the 
hills are capped with fossil wood, and many of the flats and lower levels 
east of the LittleColoradoBiverare strewn with chips and pieces which 
have tumbled down during the wearing away of the hill-sides. Ix>g8 30 
to 50 centimeters (roughly, a foot or a foot and a half) in diameter and 
9 to 12 meters (30 or 40 feet) in length are still common, and several 
sections were found, possibly from the same tree, which measured about 
160 centimeters (5 feet) in diameter. There are pebble beds miles in ex- 
tent, made up of agate, moss-agate, chalcedony, jasper, obsidian, and 
fossil wood, with not so much as a spear of grass or bit of cactus be- 
tween them. On the other hand, many of the mesas and plains are 
covered with sand and decomposed marls which support a scanty growth 
of cactus, yucca, grease- wood, and a few other forms of vegetation char- 
acteristic of arid regions. 

The bed of the Little Colorado River contains the only running water 
in this part of Arizona, and it 'goes dry' a large part of the year, a 
little water remaining in scattered pools, which are strongly alkaline. 
Some of the salt and alkali flats on the river* bottom support a luxuri- 
ant growth of a singular fleshy plant belonging to the genus Salioomiay 
which at a little distance looks like a leafless bush with thick green 
stems. During the rainy season, and whenever the river * runs,' the 
liquid which flows down its course is red alkaline mud, about the con- 
sistency of ordinary sirup. This is the case also with its tributaries, of 
which Moencopie Wash and Tenebito Wash are the only ones which 
cross the Painted Desert proper. 

The physical and climatic features of the Painted Desert are peculiar 
and striking, and result in the production of an environment hostile 
alike to diurnal forms of animal life and to the person who traverses it 
The explorer is impressed with the unusual aspects of nature — the 
strange forms of the hills, the long ranges of red and yellow cliffis, the 
curiously buttressed and turreted buttes and mesas, the fantastic shapes 



• The terms * wash * and * arroyo * are applied to the deep channels or ravines so 
common in arid regionn. ** Those arroyos are natural consequences of the unequal 
manner in which the rain falls throughout the year. Sometimes not a drop falls for 
several niontlis; again, it pours down in a perfect deluge, washing deep beds in the 
unresisting soil, leaving behind the appearance of the deserted bed of a great river." 
— Emory, Mexican Boundary Survey, I, Ih57, p. 57. 
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of tbe rocks carved by the sand-blast and rendered still more weird by 
the hazy atmosphere and steady glare of the southern sun, the sand- 
whirls moving swiftly across the desert, \he extraordinary combina- 
tion of colors exposed by erosion, the broad clayey flats whitened by 
patches of alkali and bare of vegetation, the abundance of fossil-wood, 
the extensive beds of shining pebbles, the unnatural appearance of the 
distant mountain sharply outlined against the yellow sky, the vast 
stretches of burning sand, the total absence of trees, the scarcity of 
water, the alluring mirage, the dearth of animal life, and the intense 
heat, from which there is no escape.* 

The plant life of the desert is scattered and scanty, and consists of 
sach characteristic arid land forms as grease- wood (Atriplex canesoem^ 
A, Gmfertifoliaj and ISarcohatm vermiculatm) ; weeds of the genera Dico- 
ria and Oxytwnia (D, brandigei and 0. acerosa) ; a large brush-like shrub 
(letradymia canescena) with flowers suggesting the golden-rod; the 
singular Ephedra^ which has no apparent foliage ; the narrow-leaved 
yucca ( Yucca angustifolui)^ and cactuses of several genera. But it must 
uot be supposed that these rank and spiny forms of vegetation, whose 
gray or dull olive coloi^s are in perfect harmony with the parched and 
barren aspects of the desert, are the only plants found there; for no 
sooner is the surface moistened by the passing showers of the so-called 
^ rainy season ' than numerous plants spring into existence, and favored 
parts of the desert lose something of their usual desolate and dreary 
appearance. There are places where even the nutritious grama grass 
(Bouteloiia) gains a precarious foot-hold, and where a dwarf lupine {Lu- 

• Lioatenant Ives and Dr. Newberry attempted to cross this desert from the Little 
Colorado near Grand Falls, but were obliged to turn back the first day. After follow- 
ing up the river for three days they found au Indian trail leading north, and followed 
it to the Moki villages. The following quotation is from Ives's account of the first day 
on the desert : '* The scene was one of utter desolation. Not a tree nor a shrub broke 
its monotony. The edges of the mesas were tiamiug rof!, and the sand threw back 
the 8un*8 raj'S in a yellow glare. Every object looked hot and dry and dreary. The 
animals began to give out. We knew that it was desperate to keep on, but felt un- 
willing to return, and forced the jaded brutes to wade through the powdery impalpable 
dust for fifteen miles. The country, if possible, grew worse. There was not a spear of 
grass, and from the porousness of the soil and rocks it was impossible that there should 
be a drop of water. A point was reached which commanded a view twenty or thirty 
miles ahead, but the fiery bluffs and yellow sand, paled somewhat by distance, ex- 
tended to the end of the vista. Even beyond the ordinary limit of vision were other 
bluffs and sand fields, lifted into view by the mirage, and elongating the hideoiis 
picture." 

Woodhouse. in speaking of a somewhat similar desert which ho crossed in western 
Arizona, states that a coyote, ** becoming desperate, rushed to the spring, and v. as 
killed by one of the men with a stone." He says further: "The ravens were hover- 
ing over us while we minained here, eag«^riy watching our t'aniislied mules. 8ince we 
left Bill Williams's Fork there have been clouds seen every day, and anxiously did 
we watch for rain; but this seemed a thing iinpossihle, to r.iin in this miserable coun- 
try, where everything api)ears to be au enemy, and is armeil with a thorn or a poison- 
ous sting.'' 
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pinus capitatus) is abundant ; and the higher levels are adorned by a 
kind of painted-cap (Cfistelleia) and scattered beds of a rather coarse 
plant {Mirabilis multiflora) which suggests the morning glory. The del- 
icate pink blossoms of the graceful Malvastrumj and the more sho'wy 
yellow and orange flowers of Eiddellia tagetina and Zinnia grandrflora 
would attract attention anywhere, and their beauty is here heightened 
by contrast with their sombre surroundings. 

Without going into details it may be said that these plants^ taken 
collectively, occur in the arid parts of northern Mexico,* Texas, New 
Mexico, Arizona, and southern California, and some of them extend 
north in the Great Basin, even reaching the Plains of the Golambia ; 
and a few spread northward over the Great Plains east of the Bocky 
Mountains. 

Large black beetles of the genera Eleodes and Asida are common on 
the Painted Desert and are characteristic arid land forms, occurring 
also in Mexico. 

Toads of the peculiar genus Spea^ modified for life in desert regions, 
were found after rains in some of the arroyos or washes, which are dry 
the greater part of the year. 

Lizards are the most conspicuous forms of animal life and many spe- 
cies abound throughout the desert. Among them are : 

Crotaphytw haiUyi Sceloporus elongaius Holhrookia maculata flaviletUa 

Crotaphytus mslizenii TJtc slansburiana Phrynosoma ornatissimum 

Sceloporus graciosus 

We saw only one rattlesnake, but others have been recorded. Sev- 
eral of the species and all of the genera of reptiles here mentioned occur 
also in Mexico. 

Birds are scarce, both in species and individuals, and but few breed 
on the desert of the Little Colorado. The following species were ob- 
served there : 

Black-throated Desert Spairow {Amphi- Brewer's Sparrow {SpizelU hreweri) 

spiea Jnlineata) Sage Thrasher (Oroscoptes montanus) 

Nevada Sa^e Sparrow (A. belli nevadensis) Thrasher {Harporhynchun sp. — T) 

Boucard's Sparrow {Penccea rufiveps bou- Burrowing Owl {Speotyto cunicularia hy- 
cardi) pogcea) 

All of these are characteristic arid land birds, which come into the 
United States from Mexico and extend northward various distances. 
Boucard's Sparrow ranges north from the table-lands of Mexico to 
western Texas, New Mexico, and Arizona; the Black-throated Desert 
Sparrow, from Mexico and Texas westward to southern California and 
north in the Great Basin to Utah and Nevada ; the Sage Sparrow, from 
Mexico north to the Plains of the Columbia; Brewer's Sparrow, from 



* The nainber of Arizona plants which occur in the northern part of Mexico is very 
large. Hemsley, in the botanical part of Biologia Centrali-Americana, states that 
of the 560 genera of Arizona plants mentioned by Bothrook, no lass than 402, or 72 
per cent., occur also in northern Mexico. 
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Mexico north over the Great Plains and the Great Basin ; the Sage 
Thrasher, from Mexico north through the Great Basin ; and the Bur- 
rowing Owl, from southeastern Texas to California and northward to 
Canada wherever suitable localities exist. Another characteristic arid 
land bird, the Boad Runner or Chaparral -Cock {Oeococcyx califor- 
niamis), was not seen, but has been recorded from the Little Colorado, 
aud, like the other8,enters the United States from Mexico. It ranges 
from Texas to California and north to Colorado. 

The characteristic mammals of the desert are small noctnrnal forms, 
such as Kangaroo Rats {Dlpodomys)^ Pocket Mice {Chcetodipm^ a sub- 
genus of Perognath^is)^ Big-eared Mice {Hesperomys — of the eremicus 
group), and Free-tailed Bats {Nyctinormis). All of these groups reach 
the United States from Mexico, and none of the species of the Paints 
Desert range much north of Arizona. 

Thus it appears that most of the forms of life inhabiting the desert 
of the Little Colorado — its mammals, birds, reptiles, aud plants — occur 
also in Mexico and extend northward as far as the arid lands are suited 
to their requirements ; and some of its species range east into Texas and 
west into southern California. 

In like manner it has been shown that the characteristic forms of life 
of the PiUon belt occur in similar areas in diiferent parts of the arid 
lands from Mexico to the Plains of the Columbia ; that lands which rise 
above the level of the Pinon belt are covered with forests of tall pines 
and in the main possess the same species from western Texas to British 
Columbia; that still higher elevations are clothed with balsam and 
spruce, and that the humbler plants, the birds, and the mammals of 
these balsam and spruce forests are essentially the same throughout the 
Bocky Mountains and the great northern forest of Canada from north- 
em New England to Alaska; that the mountain peaks, if suflSciently 
high, are bare at the summit, or capped with snow and ice, and sustain 
the same species of plants that grow in the arctic regions of the world 
and come south on the high mountain ranges in all parts of the Northern 
Hemisphere; in brief, it has been found that the same species, or 
closely related representative species of animals and plants inhabit the 
remotest parts of these several zones that inhabit them on Sau Fran- 
cisco Mountain. 

INTERRELATIONS AND AFFINITIES OF THE SEVERAL ZONES. 

The contemplation of the phenomena here described leads naturally 
to comparisons of similar areas throughout the country ; to attempts to 
bring together these areas into natural biological zones and provinces, 
and to inquiries concerning their ori<^nii. 

Without going into the history of the subject, it may be said that most 
zoologists recognize three primary zoo ♦j^co<;rai)li leal divj.sions in the 
United States — an ^Eastern^^ extending from tiie Atlantic Ocean to 
the Great Plains; a 'Central,^ from the enstern bonier of the Plains 
westward to the Sierra Xevada ; anil a ' Western,^ from the eastern 

501— No. 3 2 Digitized by GOOglC 



18 NORTH AMERICAN FAUNA. lNo.8. 

base of the Sierra Nevada to the Pacific. The arid region of the Soath. 
west which enters the United States from Mexico has been recognized 
as a distinct division by many naturalists, and has been named the 
* Chihudhuan^ or ' Sonoran^ region. 

The region east of the Great Plains was subdivided by Agassiz as 
early as 1854 into three areas which he called Faunas, namely : (1) a 
' Canadian Fauna^^ (2) an ' Alleghanian Fauruiy^ or Fauna of the Mid- 
dle States, and (3) a ' Louisianian Fauna^^ or Fauna of the Southern 
States. Subsequent writers, particularly Verrill and Alien, have cir- 
cumscribed these Faunas, reduced their rank, and increased their num- 
ber until at the present time ornithologists recognize eight faunal areas 
in eastern North America^ as follows: (1) Arctic; (2) Hudsouian; (3) 
Canadian; (4) Alleghanian; (5) Carolinian ; (6) Louisianian ; (7)Florid- 
ian; and (8) Antillean. Coi)e, from a study of the reptiles and ba- 
trachians, united the Louisianian and Floridian Faunas into a district 
of primary rank, which he named the ^Austroripa^-ian^ region — the 
exact equivalent of Agassiz's Louisianian Fauna. Passiug over this 
region as clearly of southern origin, there remain the Carolinian, Alle- 
ghanian, Canadian, Hudsonian, and Arctic Faunas. The three latter 
are boreal in their af&nities, while the Carolinian is suffused with south- 
ern forms, and the Alleghanian seems to be neutral ground. 

In studying the several life-zones of the higher declivities of San Fran- 
cisco Mountain it became apparent not only that each has its corre- 
sijonding zone in the East, but that in many instances the zones of the 
mountain may be recognized by the presence of the identical species 
which characterize them in New England and Canada. In short, it was 
found that the faunal and floral zones which go to make up the Boreal 
Pix)vince in the East may be traced in a northwesterly direction around 
the northern end of the Plains of the Saskatchewan and then south 
along the sides^of the Eocky Mountains, even to this isolated peak in 
Arizona.* This has been pointed out somewhat in detail in the discus- 
sion under the head of each zone, and has been indicated further by the 
' headings themselves. 

Each zone, while possessing throughout a certain number of common 
or strictly representative species, undergoes a notable change in pass- 



* This •will be made clear by a glance at the accompauying map of North America 
(map 5), oil which the Boreal Province is represented in clear green. 

Scudder, under the head of ^^Auomalies in the Geographical Distxibution of onr 
Butterflies," mentions a number of cases in which northern species of butterflies 
occur iu supposed isolated colonies at remote points, all of which, it is significaut to 
observe, fall within the boundaries of the Boreal Province here defined. He cites the 
brown elfin butterfly {Tncisalia autfusim) as a species throwing some light on this 
* anomalous ' distribution. It occurs, he states, in New England and New York, and 
south iu the AUeghauies to West Virginia. North of the United States it has been 
found at Halifax, Quebec, Montreal, and thence westerly as far as Cumberland House 
on the North Saskatchewan. In the West it again enters the United States along tbe 
Kocky Mountains, and extends as far south as Colorado. A bettfr example of » 
typical boreal distribution could hardly be desired. 

Digitized by VjOOQIC 



AUG., 1890.1 BIOLOGICAL SURVEY OF SAN FRANCISCO MOUNTAIN. 19 

iogtrom the East to tlie West, each extreme being occupied by certain 
species not found in the other. It is necessary to recognize this ditt'er- 
ence in the names applied to the zones; hence the prefix 'central' has 
been used in each case to distinguish the Eocky Mountain arm from 
the eastern arm. 

The several zones of the San Franciso Mountain region are interre- 
lated m different degrees, some very closely and others very remotely. 
Many specie.8 and even genera which are common to two or more zones, 
and consequently of no value whatever in defining the single areas, be- 
come of the utmost importance in studying the interrelations of the sev- 
eral zones. For instance, in the highest group of all — the mammalia — 
tbere are representatives of four distinct types, namely. Bears, Shrews, 
Voles, and Red Squirrels, which range from the top of the timber-line belt 
to the bottom of the Canadian or Douglas fir zone.* All of these are 
circumpolar types, ranging over the boreal parts of the whole world 
and coming south in the mountains. It is clear, therefore, that they are 
of boreal origin. On the other hand, there are several very different 
types of mammals, among which may be mentioned the Kangaroo Bats, 
Pocket Mice, and Grasshopper Mice, which do not occur above the Piiion 
zone. These are southern types reaching the United States from the 
table-lands of Mexico and extending northward over the arid lands as far 
as the conditions are suited to their requirements. It is clear, therefore, 
that they are of southern origin. In short, it may be stated, as a 
result of this biological survey of the San Francisco Mountain region, 
that all the forms of life inhabiting Arizona were derived from one of 
two directions — the north or the south. And in extending these re- 
searches and*generalizations so as to embrace the Great Interior Basin, 
the Rocky Mountain region, and the Great Plains, which together con- 
stitute the so-called 'Great Central Province,'t of naturalists, I was 
astonished to be forced into the belief that no such province exists. In- 
deed, the present investigation demonstrates that there are but two pri- 
mary life provinces in this country : a northern, which may be termed 
Boreal^ and a southern, which, for our purposes, may be termed Sonorauy 
since it comes to us from Mexico through Sonora. In attempting to 
arrange all the life zones of Arizona under these two headings the fol- 
lowing conclusions have been reached: The Arctic- Alpine, Timber-line, 
Hndsonian, and Canadian zones, having been shown to be derived from 
the north, fall naturally under the Boreal division. The Desert and Piiion 
zones, having been shown to be derived from the south, fall naturally 
under the Sonoran division. There remains but one area, namely, the 
Pine area, whose relationships are in any wiiy obscure. This area has 



'Bears rauge over tho lower levels at ccrtaiu seasons of the year, but are not known 
to breed away from the spruce aud fir forests. 

tThis province was outlined by A^assiz as long ago as 1854, and has been accepted 
80 far as its essential features arc concerned by LeConte, Baird, Wallace, Allen, Cope, 
Bioney, Gray, Packard, aud nearly all recent writers. 
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been shown to consist of a mixture of Boreal and Sonoran types, more 
or less modified by adaptation to environment. In otber words, it is 
neutral territory. But since the number of its Sonoran types is greatly 
in excess of its Boreal types, it may be more properly referred to the 
Sonoran Province. Therefore, of the seven life-zones of the San Fran- 
cisco Mountain region in Arizona, four may be referred to the Boreal 
Province and three to the Sonoran. 

The zones composing each of these primary divisions are related to 
one another in different degrees. Thus, the Timber-line, HudsoniaO; 
and Canadian zones are much more intimately related than the Timber* 
line and the Alpine; and the aflSnities of the Pinon and Desert are 
much closer than those of the Piiiou and Pine. Hence it becomes pos- 
sible to group the zones into categories of intermediate rank between 
the primary provinces and the tertiary zones or areas. These second- 
ary divisions are here termed regions. Under the Boreal Province we 
may recognize two regions, an Arctic and a Boreal. The Arctic region 
contains but one zone, the Alpine. The Boreal region contains three 
zones, namely, the Timber-line, Hudsonian, and Canadian. The Sono- 
ran or southern province may be likewise split into two regions, a Sub- 
Arid and an Arid. The Sub- Arid consists of a single zone, the Pine. 
The Arid region comprises two zones,* the Pinon and the Desert. The 
facts here set forth may be graphically represented by means of a table, 
thus : 

Life Anas of llie San FraiuHsco Mouniain llvfjion in Arizona. 
Provinces. Kej;ion.s. Zones or Areas. 



Boreal . 



Arctic Alpine. 

( Timbor-line. 
IJon^al \ IlndHuuimi. 



! 

[ [ (.'Unadiau. 

f Su))Aria Pine. I 

• s ' , ( Pinon. 

] And •? ' I 

^ T)cs<rt. I 



The primary divisioUvS are based on the possession of distinctive 
genera; the secondary and tertiary chietly on distinctive species, though 
some of them possess distinctive genera also. 

ORIGIN OF THE BOREAL FAX^NA ANT) FLORA OF SAW FRANCISCO 

3101 NTAIN. 

Tbe Boreal zones of JSan Francisco Mountain are separated from cor- 
responding areas elsewhere by a broad interval occupied by the upper 
faunas and tloras of the Sonoran Proviiu*e. The arctic summit of the 
mountain is distant more than 400 kilometers (2r>() miles) from the 
nearest peak of similar eliaijurer in Colorado, and nearly 3,200 kilome- 
ters (2,000 miles) fiom llu* maif.st [M)int in the Aretic zone proper — all 



* The Dt'M'it of tlu! LitlU- Colorailo tuiilaius hut 1\\(» arid zones; further south a 
third is ciKoiiutcrtM], 
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the arctic areas within the United States being mere clots upon the map, 
and even the lower zones of the Boreal Province being widely separated 
from similar areas in the north. The question naturally arises as to 
the origin of these small colonies of arctic life which appear here and 
there over a great continent. It is perfectly evident that ^hey could ^ 
not have reached their present positions during existing climatic con- . 
ditions; hence it is necessary to search the records of the past for the 
explanation. The period immediately preceding the present is known 
as the glacial age, because the northern parts of the globe were then 
baried in ice. This ice cap, which in places was several thousand feet 
in thickness, nnderwent two principal movements of advance and re- 
treat, first crowding the life of the region far to the southward, then 
allowing it to return, to be again driven south by the next advance. 
The southern terminus of the great ice sheet extended from New Jersey 
to southern Illinois, and thence northwestward to British Columbia, and 
its effects npon the climate must have been felt throughout the United 
States and even into Mexico. The advance of the glacial period was so 
gradual that plants as well as animals had time to escape by extending 
their ranges southward, and during the return movement were enabled 
to keep pace with its slow retreat. Had either the process of refriger- 
ation or the return of heat taken place more rapidly, most of the forms 
of life inhabiting the northern parts of the globe would have been ex- 
terminated. During the recession of the glacier many boreal plants 
and animals were stranded on mountains, where, by climbing upward as 
the temperature became warmer, they were able to find a final resting 
place with a climate sufficiently cool and moist for their needs; here 
they have existed ever since. This is the commonly accepted explana- 
tion of the presence of arctic forms on isolated mountain peaks widely 
removed from the southernmost limit of their continuous distribution. 
Incidentally the ancient origin of arctic-alpine faunas leads to con- 
clasions which might be of use to the geologist. For instance, San 
Francisco Mountain is a volcanic peak composed entirely of lava 
rock. Its summit is inhabited by species of animals and plants which 
coald not have reached it since the recession of the glacial period. 
Hence the mountain itself can not be of more recent origin than this 
period. Here the living fauna and flora afford evidence of the age of a 
great mountain. 

ORIGIN OP THE FAUNA AND FLORA OP THE PAINTED DESERT. 

The Desert of the Little Colorado, it will be remembered, is a deep 
basin on top of the Great Colorado Plateau. It is wholly disconnected 
from the desert region of southern Arizona by the elevated and timber- 
covered highlands occupying the crest of the plateau escarpment. In 
fact the highest part of Arizona south of the Grand Canon, except a 
few isolated mountains, is the edge of this plateau, which is nowhere 
below 2,130 meters (7,000 feet); and in places rises to the height of 2,740 
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meters (9,000 feet), as at the Mo^olloii Mesa. On the east, the desert 
is separated from the valley of the Upper Rio Graude by a broa<l arest 
covered with cedar and pinon, through which the continental divide 
passes, at an elevation of upwards of 2,130 meters (7,000 feet). There- 
fore, the only possible channel through which the fauna and flora of the 
Painted Desert could have reached this desert during existing climatic 
conditions is by way of the Grand Oaiion of the Colorado. At first 
thought it seems Incredible that a fauna and flora should extend several 
hundred miles through a chasm of this character; but the evidence at 
4iand indicates that it does. Our descent into the canon from the 
Cocanini Plateau was made at a point about 25 kilometers (15 miles) 
below the mouth of the Little Colorado. Here the caiion is about 1,800 
meters (more than a mile) in depth and nearly 25 kilometers (15 miles) 
wide at the top. Numerous- side caiions cut into it, and there are 
many shelves and bottoms which support a flora of cactuses, yuccas, 
agaves, greasewoods, and other typical Sonoran forms. Pocket Mice of 
the sub-genus Chcdtodipus, Large-eared Mice of the Ilesperomys ereinicus 
group, and the Little Spott-ed Skunk (Spilogale) were secured, together 
with several birds (among them Peuocea rnfieeps houcardi) and reptiles of 
the Sonoran fauna, some of which occur also on the Painted Desert.* 

The inference is that the life of the Painted Desert is derived from 
the deserts of western Arizona, and that it came by the roundabout 
way of the Grand Canon of the Colorado. 

It HMght be urged that the climate of the Plateau region in the past 
may have been enough warmer than at present to admit of direct com- 
munication between the life of the Painted Desert and that of the 
deserts of southern Arizona ; but Major C. E. Dutton, who has made a 
special study of the physiographic history of the Plateau region, assures 
me that its climate has not been warmer than now since glacial times. 

GENERALIZATIONS CONCERNING THE DISTRIBUTION OF LIFE IN NORTH 

AMERICA. 

OVERTHROW OF THE SO-CALLED * CENTRAL PROVINCE' OP NATURAUST8. 

The region almost universally recognized by recent writers as the 
* Central Province' is made up of the Great Plains, the Rocky Mount- 
ains, and the Great Basin. A critical study of the life of the Rocky 
Mountains has shown it to consist of a southward extension of the 
Boreal Province, with an admixture of southern forms resulting firom 
an intrusion or overlapping of representatives of the Sonoran Province, 
some of which, from long residence in the region, have undergone 
enough modification to be recognized as distinct subspecies or even 
species. A similar analysis of the life of the Great Plains and Great 
Basin has shown them to consist of northward extensions of the So- 



* Among the reptiles found near the bottom of the caiiou were two lizards {Scelo- 
porus clarkii and Uta symmetrica) which belong to the torrid fanna of southern and 
western Arizona, and are not known to reach the Painted Desert. 
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Qoran Province, somewhat mixed with the southernmost faana and flora 
of the Boreal Province. Thus the whole of the so-called 'Great Cen- 
tral Province' disappears. 

This explains a mnltitade of facts that are utterly incomprehensible 
under the common ly accepted zoological divisions of the country. These 
facts relate particularly to the distribution of species about the north- ' 
ern bonndaries of the supposed Central and Pacific Provinces, and to the 
dilemma we find ourselves in when attempting to account lor the origin 
of so many primary life areas in a country where there are no impass- 
able physical barriers to prevent the diffusion of animals and plants. 

EVIDENCB ON WHICH THE 'CENTRAL PROVINCE' WAS BASED. 

The conclusions here announced are so diametrically opposed to the 
loogaccepted and current views of zoologists that it may be interesting 
to examine foe a moment the evidence on which their generalizations 
were based. This evidence, stated briefly, consists in the presence, in 
the region in question, of a large number of genera and species not 
found in the Eastern States. It has just been shown that the vast 
majority of these forms were derived from the north or from the south. 
The remainder fall naturally into two categories: (1) Those so closely 
related to forms now living in adjoining regions as to leave no doubt 
that they are the immediate descendants of the same, modified by en- 
vironment ; and (2) isolated generic types, of which the number is 
Bmali. 

SIGNIFICANCE OF ISOLATED TYPES. 

The presence of isolated types, however few, might be regarded as 
an obstacle to the acceptance of the views here advanced, but their 
significance becomes apparent as soon as an attempt is made to trace 
the life of the present back to the life of the past. The colonies of big 
trees and redwoods of California (Sequoia gigantea and 8. semper vir mis) 
have no nearer relatives than the bald cypress {Taxodium) of the Gulf 
States and a related species from China (formerly recognized generic- 
ally under the name Qlyptostrobm). This was pointed out many years 
ago by Dr. Asa Gray in connection with the circumstance that the an- 
cestors of these trees once ranged throughout the boreal regions of the 
world. A fossil species {Sequoia langsdorfii) closely related to the Cali- 
fornia redwood has been found in Spitzbergeu, Iceland, Greenland, the 
Borth of Europe, Alaska, at the mouth of the Mackenzie River, and 
also in the Rocky Mountains, the Great Basin in Oregon, and the Bad 
Lands in Dakota. Many parallel cases might be cited. Thus the rec- 
ords of the rocks show that many of the types which have survived the 
perils incident to the successive shiftings of the fauna and flora during 
and subsequent to the ice age were formerly conspicuous over large areas 
in the north. These facts are in complete accord with a general law 
which may be thus formulated: 
When the physiographic conditions of a region are in process of change^ 
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those forms of life which are sufficiently plastic to adapt thewselves to the 
rapidly changing conditions survive^ while tlwse which cannot so adapt 
themselves become extinct. 

Isolated generic types are illustrations of this law and may be re- 
garded as remnants of the past — the only living representatives of 
types once abandant and widely diffused. Such types are not confined 
to plants, but may be found in nearly every branch of the animal king- 
dom. Among North American mammals the genera Neurotrichus and 
Aplodontia may be cited as examples, both of them being confined to a 
narrow strip along the Pacific coast from northern California to British 
Columbia. The former has a near relative in Japan ( Urotrichus)^ and 
the intermediate forms which connect it with the Shrews on the one 
hand and the Moles on the other are still living in eastern Asia (the 
genera Scaptonyx and Uropsilus). Aplodontia is a large rodent, the 
ty|>e and sole representative of an isolated family, and has no known 
living relative in any part of the world. 

PRINCIPAL LIFE REGIONS OF NORTH AMERICA. 

[See map 5.] 

The most important generalization arrived at in the present investi- 
gation is that the whole of extratropical North America consists of but 
two primary life regions, a Boreal region, which is circumpolar ; and a 
Sonoran or Mexican tableland region, which is unique.* 

The Boreal Province [colored green on map 5] extends obliquely across 
the entire continent from New England and Newfoundland to Alaska, 
conforming in direction to the trend of the northern shores of the con- 
tinental mass. It gives off three long arms or chains of islands which 
reach far south along the three great mountain systems of the United 
States — a western arm in the Cascades and Sierra Nevada, a central 
arm in the Eocky Mountains, and an eastern arm in the AUeghanies — 
and these arms interdigitate with northward prolongations of the Sono- . 



•Siuce the present paper was written (December, 1889) the author has been en- 
gaged in the preparation of an historical synopsis of the attempts that have been 
made to define the faunal and floral areas of North America. In the ooarse of this 
investigation several important papers have been found which confirm, and in part 
anticipate, the general conclusions here announced, though none of them attempt to 
explain the significance of the areas recognized or to correlate them with the north- 
ern and southern origin of the life of the continent. For instance, the late Dr. Asa 
Gray stated that it is certain ^^ that two types have left their impress upon the North 
American flora, and that its peculiarities are divided between these two elements. 
One we may call the boreal oriental element ; this prevails at the north, and is espe- 
cially well represented in the Atlantic flora and in that of Japan and Manchuria ; the 
other is the Mexican-plateau element^ and this gives-its peculiar ch&racter to the flora 
of the whole southwestern part of North America, that of the higher mountains ex- 
cepted" (Bull. U.S.Geul.and Geog. Survey, VI, 1, Feb. 11,1881,62). At the same 
time, and in the same communication. Dr. Gray adopts the three great divisions asn- 
ally recognized by zoologists — Eastern, Central, and Pacific. 
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ran Province, which latter completely surround the southern islands of 
the Boreal system. 

The Sonoran Province [colored orange or yellow on map 6] comes into 
tbe United States from the sonth and is divisible into six subregions, 
namely : (1) an Arid or Sonoran subregion proper, occupying the table- 
land of Mexico and reaching north into western Texas, New Mexico, 
Arizona, and southern Oalifornia ; (2) a Galifortiian subregion, occupy- 
ing the greater part of the State of that name ; (3) a Lower Galifomicm 
sabregiou; (4) a Great Basin subregion, occupying the area between 
the Bocky Mountains and the Sierra Nevada and extending as far north 
as the Plains of the Columbia ; (5) a Oreat Plains subregion, occupying 
the plains east of the Bocky Mountains and extending north to the Plains 
of the Saskatchewan ; and (6) a Louisianian or Austroriparian sub- 
region, occupying the lowlands bordering the Gulf of Mexico and the 
Mississippi, and extending eastward,- south of the AUeghanies, to the 
Atlantic seaboard, where it reaches as far north as the mouth of Ches- 
apeake Bay. 

The latter region requires a word of comment, since its true affinities 
have not been heretofore pointed out, though the region itself has been 
long recognized.* That it is an offshoot of the Sonoran region is evi- 
dent from the fact that most of its peculiar or distinctive animals and 
plants belong to Sonoran genera, and many of its species are identical 
witli or closely related to Sonoran forms. It contains no less than 
eight Sonoran genera of mammals, namely : SpilogalCj Urocyon, Neo- 
foma, Sigmodon^ Ochetodon, Oeomysy Plecotm (subgenus Cori)wrhinus)y 
and NyctinomuSy most of which extend northward near the Atlantic 
seaboard as far as Norfolk, and at least one of them ( Urocyon) consider- 
ably further. It contains also a number of Sonoran genera of birds, 
reptiles, batraefaians, and plants. At the same time, it contains two 
Tropical American genera of mammals, namely, Didelphys and Oryzomys ; 
and perhaps Urocyon, Sigmodon, and Nyctinomus belong as much to one 
9» to the other. It contains also a number of Tropical genera of birds, 
reptiles, and plants. Hence the Austroriparian subregion consists of 
a mixture of Sonoran and Tropical forms ; but since the number of its 
Sonoran types is greatly in excess of the Tropical, it may be fairly re. 
garded as a subdivision of the former. 

The Tropical Province [colored red on map 5], so far as North Amer- 
ica is concerned, occupies Central America and the Antilles and pushes 
north along the lowlands on both sides of Mexico, reaching the mouth 



'As early as 1817 the entomologist Latreille made it one of bis oircumpolar divis- 
ions, la 1822 the botanist Schonw named it the Realm of Magnolias ; and in 1854, 
Ai^aBsiz named it the Louisianian Fauna, These authors, and several other early 
writers ( inclading Meyen, Martins, Berghans, and Schmarda) regarded it as a region 
of primary rank. More recent writers (rnclading LeConte, Cooper, Binney, Baird, 
and Allen) looked upon it as a subdivision of the eastern forest region or Eastern 
iVodnoe. Cope, in 1873, restored it to independent rank and named it the AusUrori- 
fwian region. 
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of the Rio Grande on the Gulf of Mexico, and a little north of Mazat- 
lan on the Pacific coast. It occupies also a narrow belt encircling tho 
southern half of the peninsula of Florida. This tropical element in 
Florida is of comparatively recent origin, and consists mainly of a chain 
of island-like colonies of birds, insects, and plants which may easily 
have reached its shores and keys from the neighboring West Indies, as 
pointed out by Schwarz in an article on its peculiar Insect Fauna (En* 
tomologica Americana, IV, No. 9, 1888). The interrelations of the 
Tropical and Sonorau Provinces are such as suggest that the chief dif- 
ference may be due to humidity as much as temperature. 

In the light of the general conclusions here announced, the only part 
of North America which is in any way obscure, so far as the relation- 
ships of its faunas and floras are concerned, is the so-called ^ Pacific 
Province;^ and, like the ^Central Province^ already discussed, it is 
evidently made up of two distinct elements, a mountain element derived 
from the Boreal Province, and a valley element derived from the Sono- 
ran ; but owing to the peculiar physiographic conditions of the west 
coast it has undergone a greater amount of differentiation. 

CAUSES WHICH DETERMINE DISTUIBUTION. 

It is not the purpose of the present paper to discuss the causes that 
have to do with limiting the distribution of terrestrial animals and 
plants further than to point out a generalization which seems to have 
been overlooked. Omitting reference to the effects of physical barriers, 
which explain the differences in the life of disconnected continents, it 
may be stated that temperature and humidity are the most important 
causes governing distribution, and that temperature is more potent 
than humidity.* Authors differ as to the period during which tem- 
perature exerts the greatest influence, some maintaining that it is the 
temperature of the whole year, and others, that it is the temperature of 
a very brief period which determines the range of species. In the case 
of birds, it has been shown by .Verrill and Allen that it is the tempera- 
ture of the breeding season. 

If this is true of birds, why is it not true of other forms of animal 
life and of plants as well f The season of reproduction for the plant, 
as for the animal, is the warm part of the year. After the period of 
reproduction the plant withers ; after it flowers and fruits and matures 
its seed, it dies down or becomes physiologically inactive. And what the 
plant accomplishes in one way the animal accomplishes in another. To 
escape the cold of winter and its consequences the sensitive mammal 
hibernates ; the bird migrates to a more southern latitude; the reptile 
and batrachian dig holes in the mud or sand and remain in a torpid 
condition ; the insect sleeps in its cocoon or buries itself under leaves 

*In arid districts hnmidity is an element of vastly more conseqiienoe that in re- 
gions of moderate or copious rain-fall, particalarly in regard to the inception, of the 
period of reprodnotion in plants. 
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ordecompovsjiig vegetation ; and none but the lianlier forms of life are 
Irft to be affected by winter temperatures. Freezing does not hurt 
most plant-8 when not in a state of reproductive activity. In the north, 
trees five and six feet in diameter freeze through to the heart every 
winter. It is obvious, therefore, that plants are not exceptions to the 
law that the temperature during the season of reproductive activity deter- 
mines the distribution of life. In high arctic latitudes this period is 
very brief, while in the humid parts of the tropics it seems to extend 
over nearly if not quite the whole year. 

Some eminent writers have assumed that plants and animals do not 
agree in distribution — that a faunal map (a map showing the distribu- 
tion of an association of animals) must differ essentially from a floral 
map (a map showing the distribution of an association of plants). This 
assumption is illogical, for, as just stated, plants and animals are sub- 
jected to the same conditions during the season of reproduction — the 
season during which they are most affectiHl by their surroundings. 
Furthermore, the field work on which the present paper is based, which 
was conducted with special reference to the determination of this point, 
demonstrated that complete coincidence exists in the limitation of the 
Ufe-areas as defined independently by the study of the mammals, birds, 
reptiles, and plants of the San Francisco Mountain region. 

Since the distribution of animals and plants depends primarily upon 
temperature, it follows that the physiographic conditions which influ- 
ence temperature influence distribution also. In obedience to this law 
certain axioms of distribution may be thus expressed : 

The distribution of species in the same latitude depends primarily on 
altitude. 

The distribution of species in the same latitude and altitude 
is influenced notably by — 
{a) Elevation above base-level. 
(6) Slope-exposure. 
{c) Proximity to and direction from large bodies of 

water. 
(d) Meteorologic conditions affecting temperature. 
In the case of mountains of equal altitude and low base-level: 

(1) The number of faunal and floral zones (up to the limit 
of zones possible for the range of temperature) is in- 
versely proportional to the distance from the equator. 

(2) The width of the zones and the abruptness of the 
change from one to another is proportional to the 
steepness of the slope. 

By elevation above base-level is meant the height of a given point 
above the plane it faces. This may be made clearer by an example. 
The mean altitude of base-level below the plateau rim in Arizona is less 
than 900 meters (3,000 feet), and above it more than 2,130 meters (7,000 
A mountain standing on the edge of the plateau will have a 
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bigher temperature at a given oltitude ou the north sido than on the 
south side, because the plateau level (base-level) on the north side 
carries up the temperature. Many years ago Humboldt cited an in- 
stance of this kind in the Himalaya. The temperature on the north side 
of this lofty range is much higher than on the south side at the same 
elevation; or, to state it differently, the snow line and the timber line 
on the north side are about 1)00 meters (3,000 feet) higher than on the 
south side. This is due to the great height of the Thibetian Plateau as 
compared with the altitude of base level on the south side, and is in op- 
position to the influence of slope-exposure. By slope-exposure is meant 
the inclination of the surface of the earth in relation to the angle of 
reception of the sun's rays. The sun strikes the east side of a hill or 
mountain in the early part of the day, the south side a little later, the 
southwest and west sides in the afternoon, when its heat is greatest, 
and the northwest and north about sundown or not at all. But in 
case there is a high plateau on the north side, the heat from the plafeaa 
will force the timber line.up. Therefore, of the influences under consid- 
eration, base-level is more powerful than slope exposure. 

About half a century ago the elder Binney, in a work which he did 
not live to see published, made the following observation : 

** The relations which the different levels of elevation bear to the par- 
allels of latitude, although as interesting to the zoologist as to the bot- 
anist, have not yet been made the subject of examination in this coun- 
try. But the Rocky Mountains • ♦ • offer, in the great extent of 
their tableland and in the height to which they rise, a vast field of 
research to future naturalists, where tliey will be able to solve many of 
the most important questions connected with the geographical distri- 
bution of the terrestrial mollusksof our country."* 

If the word 'mollusks' in the above quotation be changed to the 
more comprehensive word ^life,' Binney's remarks may be regarded as 
a prophecy fulfilled, in part at least, by the present Biological Survey 
of San Francisco Mountain. At the same time it should be remembered 
that the present report is little more than an announcement of the gen- 
eral conclusions resulting from a brief survey of a limited area, and that 
anything approaching a final discussion of the subject must be deferred 
until similar surveys of many regions result in the accumulation of a 
multitude of facts now unknown. As the late Leo Lesquereux once 
said of his favorite study : 

<< This science is in its infancy ; and the childhood of science is 
marked, like that of man, by a series of trials and failures, from which 
strength and proficiency are derived. The first astronomers did not 
measure the distance from the earth to the fixed stars, nor weigh the 
planets by the diameter of their orbits.'' t 



•Amos Binney, The Terrestrial MoUnsks of the U. S., 1^51, vol. 1, 116-117. 
t A Review of the Fossil Flora of North America. Bull. U. S. Geol. and Geog. Sur- 
vey Terr., No. 5 (2d series) Jan., 1(^7<>, 248 
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CLIMATE OF THE SAN FRANCISCO MOUNTAIN BECHON AND DESERT 
OF THE LITTLE COLORADO, ARIZONA. 

The traveler in the Plateau regiou of Arizona is awed by the grand- 
eor and energy with which the processes of nature manifest themselves. 
The mnltitade of volcanic craters and lava cones, culminating in San 
Francisco Mountain, attest the former activity and intensity of the sub- 
terranean forces; the Grand Canon of the Colorado, the most stupen- 
dous cbasni known, is a gigantic illustration of the surface forces now in 
operation — of the cutting power of water and the carving power of 
sand ; while the territic thunder-storms and cloud-bursts which shake 
the very foundations of the earth in their fury, shattering the tall pines 
with the lightning, and sending mighty torrents down the hillsides to 
plow deep gorges in the desert, serve to indicate the resistless energy 
of the forces of the air. 

In its climatological aspects the Plateau region of Arizona presents a 
field of snrpassing interest and diversity, and problems of the utmost 
importance to i>hysiography and to agriculture may be there advanta- 
geously studied. Climates which usually characterize widely remote 
regions are here brought near together, appearing in successive strata 
from the desert levels to the summits of the mountains, thus permitting 
their several effects to be comprehended at a glance, and their differ- 
ences contrasted. In a general way it may be said that the climate of 
the region abounds in extremes. Protracted periods of drought are in- 
terrupted by deluges of rain; and the snows of winter suddenly give 
place to the intense heat of summer. As a natural consequence, most 
of the mammals and all of the reptiles and batrachians hibernate for 
longer or shorter periods, even on the desert. 

It is not the purpose of the present essay to discuss meteorologic 
conditions further than is necessary to indicate in a very general way 
the peculiarities of temperature and humidity which characterize the 
several zones herein defined. 

TEMPERATURE. 

The tropics are characterized by great uniformity of temperature, the 
daily and yearly fluctuations being insigniticant. The absence of a 
raarkecl fall in temperature at night is due in great part to the large 
quantity of moisture in the atmosphere. Tiiis moisture acts in two 
ways: (1) by diminishing the loss of heat by radiation j (2) by directly 
increasing the temperature of the atmosphere. As stated by Wallace, 
"the warmth given off by the heated earth is very largely absorbed by 
it [the aqueous vapor J, thus raising the temperature of the air; and as 
it is the lower strata of air which contain most vapor, these act as a 
blanket to the earth, preventing it from losing heat at night by radia- 
tion into space." (Tropical Nature, 1878, p. 9.) 
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The excessively dry atmosphere of Arizona acts ia exactly the opi)o- 
site way, interposing no obstacle to free radiation and presenting uo 
medium to retain the heat given ofT at night. Hence the change io tern- 
peratare from day to night is always great. The sQmmer heat of Ari- 
zona, except on the high mountains, is greatly in excess of the summer 
heat of the tropics, while the winter temperature is vastly lower, and 
sudden contrasts are common. 

The law of latitudinal equivalent in altitude was discovered in the 
la^t century and was early formulated by Humboldt. Omitting refer- 
ence to local disturbing influences and seasonal variations, it may be 
stated as a general proposition that temperature decreases from the 
equatorial zone to the poles at an average rate of a little less than V^ 
Fahr. for each degree of latitude; and from base-level to higher alti- 
tudes, at the average rate of about 3^ Fahr. for each 1,000 feet of eleva- 
tion. In temperate and cold regions the dilierences due to latitude 
and altitude are greatest in winter and least ia summer. It follows 
that plaices having the same mean annual temperature m^y have widely 
different summer temperatures 5 and conversely, that places reeeiving 
the same amount of summer heat may have widely different mean an- 
nual temperatures. The significance of these facts becomes apparent 
in studying the distribution of life, for, as will be shown later, the dis- 
tribution of species in temperate and cold regions is governed in the 
main by the temperature of the warm season, the mean annual temper- 
ature being of little consequence. 

It has just been stated that the mean average decrease in tempera- 
ture with altitude is about 3° Fahr. for each 1,000 feet The exact 
rate in any particular case may be obtained by dividing the difference 
in temperature of the extremes by the difference in altitude. The Sig- 
nal Service records show that the actual rate of decrease in midsummer 
on the Colorado Plateau is 4^.* At this rate the temperature of the 
summit of San Francisco Mountain in summer would be 20^ Fahr. lower 
than that of the cedar belt and 35^ lower than that of the Painted 
Desert. 

Seven life zones are described in the following pages as crowded into 
the narrow space between the arctic-alpine summit of San Francisco 
Mountain and the torrid desert of the Little Colorado, only 40 kilom- 
eters (about 25 miles) distant. Each of these zones has a distinctive 
temperatuijB during the period of growth and reproduction— a period 
of less than three months' duration at the summit, but extending over 
half the year on the desert. Unfortunately, the time spent in any one 
of the several zones was insufficient to furnish the thermometric data 
necessary for the determination of its distinctive temperature. There- 
fore the only way in which it is possible to obtain information on this 

* Denver and Pikers Peak were selected for this computation because of tlieir prox- 
imity to the San Francisco Mountain region and because tbey afford a vertical range 
of about*-*, 450 juoters (r^,000 feet). 
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subject is by examination of the records of the nearest stations in the 
same or corresponding zones. Data from several such stations may be 
found in the pnblications of the United States Signal Service and in 
Schott's Tables, pifblished by the Smithsonian Institution.* Oompila 
tion of these data leads to interesting results. Fort Apache, in Arizona, 
and Port Win gate, just over the line in New Mexico, are in the pinon belt 
of the Great Plateau, Apache near the lower, and Wiugate near the 
upper, limit of this zone. They are 232 kilometers ^145 miles) apart. 
The mean temperature for the five mouths (April to August, inclusive), 
assnmed to cover the period of reproduction in this belt is found to be 
65.6° Fabr. at Fort Apache, and 65.03O at Fort Wingate, showing a 
really remarkable agreement over this part of the pifion belt. The mean 
temperature of the same period at Holbrook, on the edge of the Little 
Colorado Desert (at the junction of the Puerco and Little Colorado), 
124 kilometers (77 miles) from Fort Apache, is a little above 7(P (70.9°) 
Fahr. Albuquerque, in the valley of the Upper Rio Grande in New 
Mexico, though on the other side of the Continental Divide and 309 
kilometers (192 miles) distant, has essentially the same altitude and 
essentially the same summer temperature (70.lo Fahr.). 

Data are wanting for the determination of the distinctive tempera- 
tares of the several zones of San Francisco Mountain above the cedar 
and pifion belt, but they may be obtained hypothetically by substitut- 
ing those from remote stations in the same zones. For instance, the 
temperature of the summit of Mount Washington, in the timber-line or 
subalpine zone of the east, during the season of reproduction (June to 
A^ugust, inclusive), is 46.150 Fahr., which may be assumed to agree 
very closely with the temperature of the subalpine zone of San Fran- 
cisco Mountain. Similarly, the corresponding temperature of Pike's 
Peak, Colorado, in the arctic-alpine zone, is 38.23o Fahr. But Pike's 
Peak is more than a thousand feet higher than San Francisco Peak, 
hence it is necessary to add about 4^ Fahr. to the temperature of the 
former to make it represent that of the latter, which would then be in 
round numbers 42o Fahr. 

Therefore, though the actual mean temperatures of the several zones 
of the San Francisco Mountain region during the season of repro- 
duction are unknown, it is possible to arrive at very close approxi- 
mations to these temperatures by utilizing the records from distant 
stations in the same life areas. By this process the following means 
have been obtained. While not supposed to represent the actual means 
for each zone, they are believed to fall within the normal range of va- 
riation between the upper and lower borders of the zones to which they 



• The observations here referred to were taken at different periods and by volnntary 
observers. They lack, probably, the extreme precision and uniformity attained by 
the trained observers of the Signal Service ; at the same time, most of them may be 
relied upon as sufficient!}' exact for purposes of comparison. 
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severally pertain, aod are therefore provisionally snbmitted as a step 
toward a goal as important as it is difiBcnlt to attain. 

Table of assumed mean temperatures far the several zones duTiug the period of repro- 
duction. 



Zone. 



Arctic-alpine zone 

Subalpine or timber line zone 
Hmlsoiiian or apruco zone . . . 

CaDadian or fir ssono 

Neutral orpine wme 

Pifion or cedar zone , 

Desert zon e 



Cent. 


Fahr. 


o 


o 


4 


39.2 1 


7 


44.6 


10 


50. 


13 


55.4 


16 


00.8 


19 


66.2 i 


22 


71.0 



In attempting to ascertain the temperatnre of climatic zones, in con- 
nection with the distribution of their characteristic forms of life, it 
should be borne in mind that the recorded temperatures are taken in 
the shadey while the plants and diurnal animals of non-forested areas, 
particularly of deserts and prairies, live in tJie mnshinej and conse- 
quently endure much higher tem]>eratures, as well as much greater ex- 
tremes than indicated by the recorded observations. In attempting, 
therefore, to ascertain the quantity of summer heat necessary for a par- 
ticular species, it should be first noted whether the species inhabits 
areas exposed to the full heat of the sun or dense forests where the 
sun's rays rarely penetrate ; and in the case of animal life it shoald be 
noted also whether the species is diurnal or nocturnal, and the tempera 
tnre observations should be made accordingly. 

A series of carefully conducted meteorologic observations, made with 
special reference to temperature and humidity, and carried on simulta- 
neously in the spruce belt of the mountain and on the Painted Desert, 
or, better still, in each of the seven zones herein defined, would be pro- 
ductive of information of much scientific and economic value. 

HUMIDITY.' 

The Plateau regioif of the interior of North America is noted for 
its scanty rain-fall, and the same may be said of Arizona as a whole. 
The annual precipitation and mean humidity are greatest on the high 
mountains and least on the low plains and deserts. Thus San Francisco 
Mountain has many times the rain-fall of the Little Colorado Desert, 
near by, and the quantity of aqueous vapor in the air is correspondingly 
higher. Evaporation is retarded by the clouds which frequently rest 
upon the summit, and by the dense spruce forests which protect the soil 
from the direct rays of the sun, enabling it to retain enough moisture 
to permit the growth of plants requiring a humid atmosphere for their 
existence. 
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There are two rainy seasous on the San Francisco Moantain platean: 
one in summer, asnally in July or August, the other in mid-winter. 
Hie sammer rainy season is characterized by daily thunder-showers. 
As a rule, several such showers occur each day, and not infrequently 
several may be seen at the same time from any of the volcanic cones. 
The area covered by each is very small, its diameter rarely exceeding 
half, or even a quarter of a mile ; and its duration is brief, though the 
rain-fall may be considerable. The accompanying thunder is often 
terrific, and the lightuing vivid and destructive. Tall pines are shat- 
tered on every hand, and cattle are frequently killed ; three were killed 
by one stroke near our camp about the middle of August The showers 
almost always take place in the day-time, and are most common at mid- 
day and in the early afternoon. In fact, it is a common saying in this 
region that it never rains at night. Two partial exceptions to this iiile 
occurred during our stay, one in which an unusually severe and pro- 
Uacted rain lasted from about 3 o'clock in the afternoon until 9 or 10 in 
the evening; the other, a light shower which actually took place in the 
night During the latter part of the rainy season the showers became 
less frequent, but extended over a larger area and lasted longer. The 
axis of abundance seems to be between San Francisco and Kendrick 
Peaks, but the greatest precipitation occurs on San Francisco Mountain, 
as would be expected from its great altitude. The summit of the mount- 
ain is so cold that it is occasionally whitened with snow while rain falls 
at its base ; and hail storms are frequent both on the mountain itself 
aud throughout the plateau region, many sudden storms taking this 
form. 

Over much of the pine plateau the soil consists of decomposed lava, 
and is so porous that the rain sinks out of sight as it falls, and the 
atmosphere is so dry aud evaporation so rapid that a few minutes after 
a shower no traces of it are visible. 

On the arid desert of the Little Colorado rains are infrequent, but 
asnally of great violeoce, producing torrents which cut deep washes or 
^arroyos' in the sun baked sand and clay. Sometimes cloud-bursts 
delaine large areas, flooding the valleys and destroying multitudes of 
the smaller mammals. Three storms of this character were witnessed, 
two of moderate size, the third of great dimensions, aud striking evi- 
dences of a fourth were everywhere noticeable when we reached the 
region. This latter almost inundated the town of Flags taflf and several 
other places along the line of the Atlantic and Pacific Eailway, and 
left unmistakable evidences of its volume and force in various directions, 
the most impressive, perhaps, being the overflow of a crater lake and 
adjoining craterlet just east of Kendrick Peak. The track of the torrent 
that rushed down the sides of this crater, and for a distance through 
the pine forest beyond, suggested a veritable volcanic eruption. 

While following the course of Tenebito Wash across the Painted 
Desert we saw a heavy rain-storm raging over the high mesas to the 
501— No. 3 3 
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north and east daring the entire afternoon of Aagnst 14, thoagh not a 
cloud came between as and the parching sun. Before dark a forions 
wind — the vehicle .of a sand-blast — swept down the wash between the 
rows of cliffs which mark its course, abating as nigbt came on. About 
10 o'clock we were startled by a loud roaring in the north, whicli at first 
gave the impression that a severe storm was advancing: upon us, but 
not a cloud could be seen, and the stars shone brightly in every direc- 
tion. The roaring increased and came nearer until it was evident 
that something was coming down the bed of the wash ; and in a mo- 
ment a great wave of thick mud rushed past with a tremeDdoas roar, 
accompanied by a fetid stench. The first wave was about 1 J meters (5 
feet) high, but it soon rose to 2J meters (8 feet), where it remained for 
an hour, and then slowly subsided. After 3^ hours it was 8till about 
1^ meters (5 feet) deep and running swiftly, and it had not entirely 
ceased three days later. 

Two days afterward (August 16), when at the Moki Pueblo of 
Oraibi, a furious rain set in about 4 p. m^, and lasted more than an hour, 
flooding the house tops and streets, and parts of the valley below. And 
yet the desert was as parched next day as if it had never been wet. 

The heaviest and most extended rainfall observed by us occurred 
September 20, on which date Mr. Bailey and I set out from Little Spring 
for Moencopie. Heavy leaden clouds began scurrying over the moun- 
tain toward the northeast early in the morning, and by noon the 
entire sky was overcast and had a most ominous appearance. Soon 
the rain began falling in torrents, and the storm moved steadily east- 
ward from the edge of the lava beds to the Little Colorado, and thence 
across the desert to the high mesas beyond. Such a deluge I never 
saw, and we afterwards learned that it extended 160 kilometers (nearly 
100 miles) to the south. The gulch in the edge of the lava beds, about 
2^ kilometers (1^ miles) east of Black Tank, was full to overflowing; 
the flat upon which it empties was li meters (5 feet) under water; 
great lakes appeared in various parts of the desert, and the Little 
Colorado bottom was completely flooded. And yet all this vast volume 
of water disappeared in a few hours. A red, sirupy, alkaline mud filled 
the bed of the Little Colorado for a few days, and pools of similar mud 
were occasionally found in depressions in the sand-rock all the way to 
Moencopie. The whole desert, from the San Francisco lava beds on the 
west to Echo Cliffis on the east, showed that it had been recently deluged, 
as if by the breakage of some mighty dam, but the water had disap- 
peared. 

From the scanty data available, and from the experience of residents 
of the region, it is safe to infer that the rain-fall was unusually heavy 
in the Plateau region during the summer of 1889. 
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PART II.-GRAND CANON OF THE COLORADO, BETWEEN THE KAIBAB 
AND COCANINI PLATEAUS. 

No attempt will be made to define or describe the faunas and floras 
of the fttnpendous chasm of the Colorado. Oar stay of five days per- 
mitted only a harried reconnoissance, which serves to indicate merely 
in a general way the more conspicuoas features of the region. 

The lowest point between San Francisco Mountain and the Grand 
Oaflon is at the end of a narrow arm of the desert near Hull Spring, 
where the junipers and pinon which border this tongue of desert unite 
and extend westward in a broad belt, completely separating the pine 
forest of the mountain plateau from that of the Cocanini Plateau (as 
shown by the areas colored yellow and green on Map 1). While the San 
Francisco Mountain Plateau is composed of lava, the Cocanini Plateaa 
is carboniferoas limestone. The resulting difference in soil affects the 
vegetation, and many plants grow in the pinon belt at the caiion which 
are not found in the same belt on the lava. Among sach plants are 
Oowania mexicanaj Berberis fendleri^ Spircea millefolium, Robinia neo- 
mexieana^ and Yucca baccata. Juniperus cali/ornicus utahensis grows 
there also, but the relation of its presence to the soil is uncertain. The 
trae sage-brush {Artemisia tridentata) of the Great Basin here finds its 
extreme southeastern limit. Large pattches of it occur on the south side 
of the cation, opposite Point Sublime, but it disappears altogether a 
few miles away. 

At the brink of the canon opposite Point Sublime, about 2 miles east 
of the pool or tank known as Oanon Spring, is a dwarf forest of peculiar 
aspect, and having a uniform height of about 5 meters. It consists of 
pinon (PinUfS edulis), cedar {Juniperus cali/ornicus utahensis), and mount- 
ain mahogaay {Oercocarpm ledifolivs*), which here equals the juniper 
and pinon in height and measures 100 to 200 millimeters (approximtitely 
4 to 8 inches) in diameter. Mingled with it are numerous tall bushes 
of Berberis fremonti and the beautiful Spircea millefolium. In places 
this Lilliputian forest merges into extensive fields of the true sagebrush 
{Artemisia tridentata) and yucca ( Yu^a baccata, which at the time of 
our visit was ripening its sweet, banana-like fruit), with several kinds 
of cactases; while in other directions it gives place to thickets of scrub 



*Thi8 identification was made in the fiold. No speoioieus of the large form were 
brought back, but specimens of a smaller bash from the Cafion prove to be Cowania 
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oak {Qaercus gamheli)^ with here and there a small patch of dwarf locust 
(Bohinia neo-mexicana). 

The Oocanini Plateau is highest on the north and rises abraptly at 
the very rim of the canou. The resulting southern slope is enough 
warmer than the pine-covered plateau to permit the growth of juniper 
and pinou, which besides forming a strip along the edge of the canon, 
mingle with the pines below to a limited extent. The descent into the 
caiion is precipitous, the walls being vertical or even overhanging for 
the first 300 meters (1,000 feet), so that tree growth is impossible except 
in favored spots. In places where the cliflf is broken down or cut into 
by side caiions a sparse forest of conifers maintains a precarious foot- 
hold. 

The Grand Canon is about 354 kilometers (220 miles) in length, and 
its proportions are on too vast a scale to be comprehended by those 
who have not seen it. At the point visited, it is about 1,800 meters 
(6,000 feet) in depth and 25 kilometers (15 miles) wide at the top. It is 
intersected by gulches and side canons of gigantic dimensions. It has 
ledges, terraces, and mesas, barren crags and grassy slopes, lofty mount- 
ains and deep valleys, cool hillsides clad in forests of balsam firs, and 
hot bottoms filled with sub-tropical thickets; it has arid stretches of 
sand bearing a scattered growth of cactus and yucca, and marshes and 
springs that never become dry and are hidden by the verdure of a mul- 
titude of plants requiring a moisture-laden atmosphere for their exist- 
ence. Its animal life is as sharply varied and as strangely contrasted. 

In descending from the plateau level to the bottom of the canon a 
snccession of temperature zones is encountered equivalent to those 
stretching from the coniferous forests of northern Canada to the cactus 
plains of Mexico.* They result from the combined effects of altitude 
and slope* exposure, the effects of the latter being here manifested in 
an unusual degree. Where the walls of the cafLon face north or north- 
east the uppermost tree-zone consists of Douglas and balsam firs 
{Psevdotstiga douglasii and Abies co»co^>r)— northern species which do 
not occur elsewhere in the caiion. Below this is a belt of pines {Pinus 
pondero8a)j succeeded in turn by a belt of junipers and pinon, usually 
more or less mingled with pines. Immediately below the piiion belt is 
a zone which corresponds in the main to the Desert of the Little Col- 
orado; but since it has humid as well as arid areas, forms of vegetation 
unknown on the desert interrupt its stretches of cactuses,* yuccas, and 
greasewoods. Still lower down another zone is encountered which may 
be recognized by the presence of huge cactuses, arborescent opnntias, 
agaves whose tall stems are conspicuous land-marks, and many other 
plants characteristic of the Lower Colorado and Gila regions, together 

* The extremes of temperatare are well illostrated by the fact that the lowest 
temperature of the twenty-foar hourti at the bottom of the cafioa was 80° Fahr. at 
4 a. m.y September 13, while at the same time thiok ice formed ou a backet of 
water at the top of the caiion. 
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with sab-tropical hamid forms and a certain perceatage of species not 
foand elsewhere. The complex and interacting effects of radiation and 
refraction, of aridity and hnmidity, of marked differences in temper- 
ature at places of equal altitude on opposite sides of the canon, of every 
possible angle of slope exposure, and of exposure to and protection from 
winds and storms, produce a diversity of climatic conditions the effect 
of which on the animal and vegetable life of the canon has been to 
bring into close proximity species characteristic of widely separated 
regions, and to crowd the several life zones into narrow parallel bands 
along the sides of the canon — bands which expand and contract in 
conforming to the ever-changing surface. The same conditions mod- 
ify and alter the species there present in the manner in which the evolu- 
tion of new species is brought about. In short, the Grand GaOon of the 
Colorado is a world in itself, and a great fund of knowledge is in store 
for the philosophic biologist whose privilege it is to study exhaustively 
the problems there presented. 

LIST OF MAMMALS NOTED AT THE GRAND CANON OF THE COLORADO, 
ARIZONA, SEPTEMBER 10 TO 15, 1889. 

[The new species here mentioned are described in Part IH.] 
Vespemgo fascua Large Brown B<it. 

Tolerably common ; a few were seen nearly every evening. 
Vesperugo hespema Pigmy Bat. 

Abundant. Th^se bats inhabit crevices in the cliflfs and begin to fly 
before dark in the evening, at which time swarms of them come up over 
the brink of the canon and flit about among the pines and piiion. 
Sciurus abend. Abert^s Squirrel. 

Tolerably common in the pines ; a few were found feeding on pifion 
nnts along the brink of the canon. 
Tamias dorsaliB. Gila Chipmunk. 

Common among the cliffs along the top of the canon, but excessively 
shy and difficult to procure. 
SpermophnoB grammurus. Rock Sqnirrel. 

Abundant among the pinon along the brink of the canon, living in 
holes in the rocks. 
HesperomyB lencopus Bonoriensis. White-footed Mouse. 

Not common; two specimens provisionally referred to this form 
were caught along the top of the canon, and one was killed in the 
day-time in a field of sage brush (Artemisia tridentata). 
HeBperomys eremicns. Silky Cliff Mouse. 

Abundant both along the cliffs at the top of the canon and thence 
down to the river below. This is the most abundant mammal of the 
cafion. 
HesperomyB megalotis sp. nov. Leaf-earod Cliff Mouse. 

A single specimen was caught in the cliffs at the brink of the canon. 
Neotoma mezicana. Wood Rat. 
Common both in the canon and along the cliffs at the top. 
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Tbomomys fdlvns. Pocket Gopher. 

Tolerably common wherever there is enoogh suitable soil on the 
plateaa at the top of the cafion. 
PerognathoB (ChsBtodipuB) intermedius. Pocket Moose. 

Oommon in small colonies down in the cafion. 
LepnB teziannB. Jack Rabbit. 

This species inhabits fields of sage-brnsh near the cafion, coming np 
trom the desert of the Little Golorado. 
LepnB arizonce. Arizona Cotton-taiL 

Tolerably common in the janiper and chaparral. 
CariaouB macrotiB. Black-tailed Deer. 

Three were killed by a sheep herder near the cafion during oar stay. 
AntUocapra amerioana. Antelope. 

Said to be not rare near the canon. 
OvlB canadenBiB. Mountain Sbeep. 

Tolerably common ; we saw fresh signs nearly every day, and started 
a small herd opposite Point Sublime. 
FeliB conoolor. Mountain Lion. 

Said to be tolerably common and destructive to sheep. 
hjnx baileyl sp. nov. Plateau Wildcat. 

Tolerably common. 
Canis latrans. Coyote, 

Common ; many tracks seen. The sheep herders say that they lose 
many lambs through the depredations of Coyotes. 
SpUogale graoUlB sp. nov. Little Striped Skunk. 

Common both in the canon and among the clifb at the top. 
BaBBarlB aatuta. Ring- tailed Bassaris. 

Said to be abundant in Cataract Caiion and at places in the Orand 
Cafion. 

LIST OF BreDS NOTED AT THE GRAND CASON OF THE COLORADO, ARI- 
ZONA, SEPTEMBER 10 TO 15, 1889. 

Zenaidora maoronra. Mourning Dove. 

A few were seen in the pines and pifion. 
Cathartes aura. Turkey Vulture. 

Common ; as many as fifteen were seen at one time sailing over the 
canon, and a number were observed circling over a flock of sheep near 
Hull's Banch. 
Acoipiter velox. Sharp-shinned Hawk. 

Common ; one shot. 
Acoipiter cooperL Cooper's Hawk. 

Common; these hawks came to the spring every morning during oar 
stay to prey upon the small birds which came there to drink. 
Buteo borealiB caluniB. Western Red-tail. 

Common. 
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Aqnila ohrysaStns. Golden Eagle. 

One seen. 
Fialco sparverias. Sparrow Hawk. 

Tolerably common; a male was shot whose stomach was fall of grass- 
hoppers. 
Pandion lialiaetns carolinensiB. Osprey ; Fish Hawk. 

Seen twice. 
Bnbo virgbiianus aaturatoa. Dusky Great Homed OwL 

Tolerably common ; two came to the spring to drink about 10 o'clock 
the night of September 14, and after satisfying their thirst began hoot- 
ing in tbe tall pines. One was shot as he started to fly away. 
Megascops flammeolus, Flammalated Screech OwL 

I shot a Ringle specimen of this exceedingly rare owl while climbing 
OQt of the ca£ion abont 3 o'clock in the morning of September 13. Its 
stomach contained a scorpion and the remains of insects. 
Dryobates viUosua hylosoopus. Cabanis's Woodpecker. 

A few were seen in the pines. 
Bphyrapicus thyroideaa Williamson's Sapsacker. 

Tolerably common ; adults of both sexes were shot. 
Helanezpes foxmiclvoma bairdL California Woodpecker. 

One was shot and several others were seen in the oaks half a mile 
&om the canon. 
Melanerpea torquataa. Lewis's Woodpecker. 

Tolerably common^ flocks of half a dozen to a dozen came to the 
spring to drink every day. 
Colaptes oafiBr. Red-shafted Flicker. 

Tolerably common. 
MicToptiB melanoleacas. White-throated Swift. 

Several were seen in the canon, but most of them had migrated before 
the date of onr arrival (September 10). 

Trochnus platyoercna. Broad-tailed Hummingbird. 

Tolerably common ; shot down in the canon and seen aI)9o at the top. 
Tyrannas ▼ooiferane. Cassin's King-bird. 

Two were seen in the sage-brush and chaparral near the canon) and 
a few in the cedars. 
Bayomis saya. Say's Phoebe. 

Seen in the chaparral and cedars near the caHon. 
Contopns richardaonii. Western Wood Pewee. 

Tolerably commoD. 
Cyanocltta ateUeri macroloplia. Long-crested Jay. 

Common ; feeding on pinon nuts in company with Woodhouse's and 
Pifion Jays. 
Apheloooma woodhoasei. Woodhoase's Jay. 

A few were seen in the piiion near the brink of the caiion. 
Corvua coraz sinnatUB. Raven. 

Several were seen along the clifis at the brink of the canon. 



Digitized by VjOOQIC 



40 NORTH AMERICAN FAUNA. \^<^^ 

Cyanooephalna cyanocephalns. Pifion Jaj. 

Abandant in the pinon near the brink of the cafion and also in the 
cedar belt^ generally seen in flocks of from thirty to eighty. 
Carpodacns mezicanaa frontalis. Hoase FiDoh. 

Common in small flocks, coming to the tank to drink every day. 
Lozia ourviroatra atrioklandl Mexican Crossbill. 

Common ; both sexes were shot at the tank, where they came to drink. 
Spinas psaltria. Arkansas Goldfinch. 

Small flocks visited the tank to drink every day. 
Pooosetes gramineus oonfinis. Western Vesper Sparrow. 

Common in all'grassy places and in the sage-brnsh. 
Zonotriohia lencophrya. White-crowned Sparrow. 

Two were shot. 
Spizella socialis arizonae* Western Chipping Sparrow. 

Tolerably common. 
Jnnco cinerens dorsalis. Red>backed Janco. 

Tolerably common. 
Peucsea mficeps boucardi. Boncard's Sparrow. 

Common in the canon from an altitude of 4,000 feet downward. Ad nits 
and young were shot. 

Melospiza lincolnL Lincoln's Sparrow. 

Two were shot, and others seen near the brink of the caiion. 
Pipilo macnlatus megalonyz. Spurred Towhee. 

Several were seen in the scrub oak. 
Pipilo ohlomraa. Green-tailed Towhee. 

Abundant along the brink of the canon. 
Habia melanocephala. Black-headed Grosbeak. 

Tolerably common. 
Piranga ludoviciana. Louisiana Tanager. 

An immature bird of this species was shot in the caiion. 
Tachycineta thalassina. Yiolet-green Swallow. 

A few only were seen, mSst of the species having gone south. 

Ampelis cedrorom Cedar Waxwing. 

A few were seen and one shot at the tank. 
Lanins Indovicianos ezcnbitorideB. White-rnmped Shrike. 

Two were seen in the sage and cliaparral near the caiion. * 
Vireo soUtarins cassiniL Cassin's Vireo. 

Two were shot. 
Vireo vicinior. Gray Vireo. 

One was shot in a pinon at the brink of the cafion. 
Dendroica auduboni. Audubon's Warbler. 

Common. 
Dendroica nigreacens. Black-throated Gray Warbler. 

One was shot. 
Dendroica townaendi. Townsend's Warbler. 

One was shot. 
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Oeothlypis macgillivra3rL Macgillivray's Warbler. 

Common in thickets down in the canon, where two were shot. A few 
were Been also along the brink of the canon. 
Ckeothlypifl triohaB occidentallB. Western Tellow-tbroat. 

One was shot low down in the canon. 
Salpinctes obsoletus. Rock Wren. 

Common along the edge of the canon. 
CatheipeB mezicaniiB conspersus. Cailon Wren. 

Common in the canon. 
Sitta carolinensiB aouleata. Slender-billed Natbatcb. 

Tolerably common. 
Sitta pygmsea. Pygmy Natbatcb. 

Abandant in the pines. 
Pama inomatus griseuB. Gray Titmoose. 

Not nncommon in the cedars and pinon. 
Parus gambeU. Monntain Chickadee. 

Tolerably common. 
Regnlus calendula. Rnby-crowned Kinglet. 

Several were seen and one shot. 
PoHoptila oserulea. Blae-gray Gnatcatcber. 

Seen in small flocks near the top of the canon. 
Merola mlgratoria proplnqua. Western Robin. 

Tolerably common. 
Sialia mezicana. Western Blaebird. 

Abundant at the caiion. 
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PART m-ANNOTATED LIST OF MAMMALS OF THE SAN FRANCISCO 
MOUNTAIN PLATEAU AND DESERT OF THE LITTLE COLORADO IN 
ARIZONA, WITH NOTES ON THEIR VERTICAL DISTRIBUTION, AND DE- 
SCRIPTIONS OF NEW SPECIES. 



By Dr. C. Haet Mebbiam. 



Borex monticolas sp. hoy. Monntain Shrew. 

This new Shrew is commoD throughont the Boreal zones of San Fran- 
cisco Mountain. Specimens were secured at various altitudes from the 
lower edge of the Douglas fir belt (altitude 2,600 meter8=8,200 feet) 
to the upper limit of the Subalpine or timber-line zone (altitude 3,500 
meters=ll,500 feet), but no traces of it were found in the pines. Its 
nearest relative seems to be Sorex vagrans of the Pacific coast. It may 
be known from the following description : 

SOREX MONTICOLUS sp. nov. 

Type No. ^~ $ ad. CT. S. National Museum (Department of Agri- 
cnltnre collection). From San Francisco Mountain, Arizona, August 
28, 1889. Collected by C. Hart Merriam and Vernon Bailey. Altitude 
3,500 meters (11,500 feet). (Original number, 406.) 

Measurements. — Total length, 107 ; tail vertebrae, 45 ; hairs, 2 ; hind 
foot, 12.5 (measured in the flesh) ; ear from crown 3 (measured from the 
dry skin). 

Oeneral characters. — This is one of the smaller Shrews. In size, 
length of tail, external appearance, and coloration it closely resembles 
Sorex vagrans of the Pacific coast. The tail is about as long as the 
body without the head. 

Color. — Upper parts uniform dull sepia brown, becoming paler on 
the sides; under parts much lighter but without sharp line of demark- 
ation. Tail bicolor, concolor with the body. 

Cranial and dental characters. — The skull resembles closely that of 
8. vagransj from which it differs in having the brain-caae broader and 
more inflated. The front upper incisor has a small but distinct internal 
basal lobe connivent with its fellow. The first lateral unicuspid is 
sUghtly smaller than the second. The third is less than half the size of 
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the fourth and nearly as small as the fifth, which Litter is minute but 
distinctly visible from the outside. (See accompanying figure.) 




Fig. 1.— Jaws with tooth of Sorex montlcolwt. 
Record oj specimens collected of Sorex monUcolus. 
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Vesperugo fuscus Palisot de Boauvois. Large Brown Bat. 

This is the commonest Bat of the pine plateau about the base of San 
Francisco Mountain, where numbers were seen every evening. Six 
specimens were shot. 

Record of specimens collected of rexpenigo funeiis. 
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Vespemgo hespems H. Allen. Pigmy Bat. 

This tiny Bat is the smallest species known to inhabit the United 
States and is one of the most beautiful, its soft whitish fur contrasting 
handsomely with its black ears, lii>s, and wings. It was found in large 
uambers at Grand Falls on the Little Colorado River, and at the Grand 
Canon of the Colorado along the Cocanini Plateau, and also about a 
small spring at the eastern foot of the great lava flow which ends about 
5 miles west of Grand Falls on the desert. It spends the day hiding in 
erevices in the cli£&, emerging at night- tall to drink and hunt its insect 
prey. Its flight is so swift and zigzag that it is a very difficult species 
to ^oot in the rapidly fading light. The young, as usual among bats, 
fly more slowly and steadily and are easily killed. 

Record of specimens collected of Vesperugo hesperus. 
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Vespertilio lucifugus LeConte. Cummon Brown Bat. 

Three specimens of a small brown bat, provisionally referred to this 
species, were secured at Little Spring, at the north foot of San Francisco 
Mountain. 

Record of specimens collected of Vespertilio lucifugus 
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Vespertllio ovoUb H. Allen. Long-eared Bat. 

A single specimen of this species was found dead near the water sk) 
Little Spring, at the north foot of San Francisco Mountain, on the moro 
ingof Angnst 15. 

Becord of specimen collected of Veapertilio evotis. 
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Vespertilio melanorhinua sp. dov. Black-nosed Bat. 

While encamped at Little Spring, at the north base of San Francisco 
Mountain, I found a small golden-brown bat banging head down firom 
theinside of a trough made of a large pine log. It hung so low that its 
sharp, black nose almost touched the water. It proved to be an adalt 
male of an uudescribed species belonging to an unnamed section of the 
genus VespertiliOy characterized by having the upper incisors parallel 
as in Kerivoulay instead of divergent as in Vespertilio proper. The only 
other Vespertilio known to possess this peculiarity is V. ciliolabrumj a 
species recently described by the writer from Kansas and New Mexico. 

VESPERTILIO MELANORHINUS sp.nov. 

Type No. 18684, 6 ad. (in alcohol). U. S. National Museum. (Depart- 
ment of Agriculture collection.) From San Francisco Mountain, Ari- 
zona, August 4, 1889. Collected by 0. Hart Merriam. (Original num- 
ber, 276.) 

Measurements. — Head and body, 40; tail vertebrsB, 43; head, 16; ear 
from internal basal angle, 13; tragus, from inner base, 6; humerus, 22; 
fore-arm, 32; thumb, 3.5; third finger, 57 ; fifth finger, 44; tibia, 14.5; 
hind foot, 7. 

Oeneral characters. — Upper incisors parallel, directed inward; inner 
incisor slightly larger than outer, its crown bifid. First upper premolar 
Small but with well-developed conical cusp, situated on inner side of 
tooth-row in contact with base of canine ; second upper premolar minate, 
without well-developed cusp, situated on inner side of pm. 1, with which 
it is in contact; third premolar nearly as large as canine, molariform. 

Grown of head but slightly elevated above plane of face ; muzzle, nar- 
row ; naked area over nostrils small ; glandular prominences between 
eyes and nose small and inconspicuous ; sides of upper lip clothed with 
a dense fringe of long, straight, and rather stiff hairs, as in F. cXHo- 
labrum. 
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Size rather small, about equaling F. nigricans; tail a little longer 
than head and body, the extreme tip projecting. Ears shorter than 
head, rather narrow, the tips not reaching end of nose when laid for- 
ward ; anterior basal lobe angular, the horizontal and vertical borders 
meeting at a right angle ; anterior (or inner) border of ear strongly 
convex on lower two-thirds, becoming straight on ui)per third; tip 
evenly rounded, with a slight posterior projection resulting from a 
shallow emargination, which occupies the upper half of the posterior 
(or outer) border; lower half of posterior border convex, with a thick 
lobule near the i)oint of insertion, which is on a line with the anterior 
border of the tragus ; tragus long and slender, directed forward and 
outward ; upper third narrow ; anterior border straight in lower two- 
thirds, upper third convex, tip evenly rounded ; outer border with a 
distinct rounded lobule at base, above which it is convex on the lower 
two-thirds, and then rapidly becomes narrower and is sinuate and 
slightly concave on the upper third. Thumb very short, only about 
half as long as foot, and armed with a sharp and strongly curved nail. 
Foot of medium size ; wing membranes from metatarsus at base of toes; 
upper surface furred only as far as a line drawn from the middle of the 
humerus to the knee ; under surface furred to a line joining the knee 
and elbow. Interfemoral membrane furred above to a little beyond 
middle of tibia; calcaneum reaching about half way from foot to tip of 
tail; postcalcaneal lobule small but distinct. 

Color. — Upper parts uniform dull golden brown, except the lips and 
face below and in front of the eyes, which parts are abruptly black ; 
under parts paler, palest posteriorly. Ears, face, and membranes black. 
Under fur everywhere blackish. 

General remarks. — Vespertilio melanorhinus requires comparison with 
but one species, namely, F. ciliolahrum^ from which it differs in having 
shorter ears and longer legs and tail, as well as in color and minor 
details of form and proportions. 

Record of specimen collected of Veaperiilio melanorhinus. 
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Nyctinomns braBilienslB la. Geoff. St. Hilaire. Brasilian Freo-tailed Bat. 

A Free-tailed Bat which is provisionally referred to this species is very 
abundant along the Little Colorado River near Grand Falls, where it 
inhabits crevices in the sandstone cliffs. It was not observed elsewhere. 
Seven specimens were secured. 
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Sciums fremonti mogollonenBls Meams. Red Sqairrel ; Chickaree. 

The Bed Sqairrel of San Francisco Moantain inhabits the Boreal 
zones and is equally common, according to my observatioDy from the 
bottom of the Douglas fir belt to timber line. It is not nearl^^ so noisy 
as its eastern congener, which its note suggests, though differing con- 
sidcfrably from it. It feeds on seeds ftom the cones of the spruce and 
fir trees, and heaps containing many bushels of the scales of these cones 
may be found beneath the trees where it lives. Full-grown young were 
taken during the latter part of August It is doubtful if the San Fran- 
cisco Mountain Chickaree ever descends so low as the Piuon belt, 
though it may do so in winter. At all events it was not seen in the 
Pine belt, which separates the Douglas fir from the Pinon. The differ- 
ence in altitude between the lower border of the Douglas fir, where 
this squirrel is common, and the upper border of the Piiion belt, is ouly 
a little more than 300 meters (about 1,000 feet), and the distance be- 
tween the two zones, at the point where they come nearest together, is 
only about a mile (on the northeast side of the mountain — in other di- 
rections it is much greater), and yet the faunal boundaries are so sharply 
defined that this seemingly insignificant difference constitutes a barrier 
as impassable as an arm of the ocean. 

Dr. £. A. Mearns has recently separated subspecifically the San 
Francisco Mountain Chickaree from the form inhabiting the Eocky 
Mountains.* The principal difference is that the former is slightly 
larger than the latter, with larger ears and hind feet. 

• Bulletin American Museuui of Natural History, Vol. II, No. 4, pp. 277-280. Sepa- 
rates issued February 21, 1890. 
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Bctoms aberti Woodbonae. Abert*s Sqairrel. 

This large and handsome Squirrel is restricted to the pine area and 
^2A not detected in a single instance either in the Douglas fir belt above, 
or in the pinon and cedar belt below. At the same time it undoubtedly 
does invade the upper part of the pinon zone when the pinon nuts are 
ripe. It is common everywhere in the pines, and is particularly fond 
of the large seeds of Pintis Jlexilis, though the smaller ones of Pfntw 
ponderosa constitute the greater part of its food because of the much 
greater abundance of the latter tree. 

It builds large covered nests of green pine branches, lined with soft 
grass, among the limbs of the trees, but also avails itself of holes in 
the trunks when suitable openings can be found. As a rule it is un- 
wary and may be easily approached within short gunshot range ; but 
when really frightened it runs swiftly over the lava rocks for a long dis- 
^ce before taking to a tree, often passing over the roots of many large 
pines in its flight. On reaching the tree of its choice, it climbs to the 
very top, and then, unlike any other squirrel with which I am familiar, 
crawls out to the small end of a branch about which it curls and re- 
mains motionless. When in this position it is exceedingly diflBcult to 
8W, though considerably larger than our eastern Gray Squirrel ; and even 
the conspicuous white under side of the bushy tail is so coiled about 
the body as to aid in deceiving the observer. 
The long and handsome ear-tufts are shed in the spring, and the new 
601— No. 3 i 
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ones do not attain their full growth until the early part of winter } hence 
specimens taken in summer have naked or nearly, naked ears. The 
young begin to appear about the middle of September and are very 
tame and unsuspicious. Their ear-tufts grow much more rapidly than 
those of the adults, or at least begin to grow earlier in the season, so 
that in September and October the young have much longer tufts than 
their parents. 

Whether the species raises two litters in a season I was not able 
to determine, but females with udders full of milk were shot as late 
as the middle of September. 

Abert's Squirrel was first described by Dr. 8. W. Woodhonse from 
specimens collected by himself at San Francisco Mountain in October, 
1851, when attached to the Sitgreaves Expedition. 

Record of specimens collected of Sciurus aberii. 
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Tamias cinereicoUlB J. A. Allen. San Francisco Monntain Chipmank. 

Type No. ^ 9 ad. XJ. S. National Museum (Department of Agri- 
culture collection). From San Francisco Mountain, Arizona, Augaat 
1, 1889. Collected by 0. Hart Merriam and Vernon Bailey. Original 
number, 260. 

This new species of Chipmunk, which has just been described by Dr. 
J. A. Allen from specimens obtained at San Francisco Mountain,* is 
abundant throughout the pine plateau and the Douglas fir zone, and 
reaches up the mountain as high as timber line. It is most commoD 
where the Douglas fir and pine overlap. Unlike many of its congeners 
it is a good climber and is often found hidden among the dense foliage 
of the balsams. It is a lively and rather noisy species, feeding chiefly 
on seeds of small plants, and hibernating late or not at all. 
""VBoil. Anu^usTNatTHist., liiY^ll, No. 1, 94-96. Separated ieaued July, 1890. 
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San Franeiaco Mount- 
ain, Arizona 

.... do. 

do 

do 

do 

do 



.do 

.do 

do 

..do 

.do 

.do 

.do 

.do 

.do 

.do 

,.do .......... 

.do 

.do 

.do 

.do 



Date. 



July 30, 1880 



July 31, 
... do.. 
Aug. 1, 
....do.. 
AnjE. 3, 
Aug. 8, 
Aug. 12, 
...do.. 
...do.. 
....do.. 
Aug. 13. 
Aug. 14. 
Aug. 16. 
Aug. 28, 
....do.. 
....do.. 
Aug. 29, 
Aug. 26, 
Aug. 28, 
Oct. 5, 



1889 



1889 
1889 
1889 



1889 



1889 
1889 
1889 
1889 
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1 


1 
1 

> 
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?ad.. 
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$ ad.. 
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9 ad.. 


242 
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95 


d" 
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101 


9 


225 
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9 


218 


96 


d" .... 


225 


101 


9 


2l3 


99 


9 


221 


100 


d" .... 


230 


106 


d'ad. 


230 


105 


? .... 


220 


101 


9 


225 


101 


9 


230 


105 


cf 


225 


106 


?.... 


223 


101 


9 .... 


220 


101 


<f 


215 


97 



Remarks. 



35 



34 
34 
36 Lately nursing; teats |. 

35 I Do. 

36 1 Nursing; teats |. 
36 I 



TamiaB rlonwHg Baird. Gila Chipmunk. 

The Gila Ohipmank is tolerably common among the cliffs along the 
brink of the Grand Ga£Lon of the Oolorado on the Cocanini Plateau, but 
is shy and difficult to obtain. Chipmunks believed to be this species 
were seen at Walnut GaSon and at Turkey Tanks, but were not 
secured. 

Beoord of specimens collected of TamtM dorsalis. 
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Tamiaa leuciiniB clnnamomeaa subsp. doy. White-tailed Chipmank. 

This new subspecies of the Antelope Squirrel or White-tailed Chip- 
munk is tolerably common in suitable places throughout the Desert of 
the Little Colorado and the piiion belt, and is found also in the Grand 
Ga&on of the Colorado. It was observed in greatest abundance near 
Moa Ave, at the south end of Echo ClifEs, and along the upper part of 
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Moencopie Wash. It is a rock-loving species, and was seldom seen far 
from clifb or lava beds, thongh in a few instances it was found on the 
open desert At Echo Oliflfs it was feeding largely on the seeds of 
Bhus aromatica trilobata ; in the piiion belt it was feeding on pinon nuts 
{Finns edulia) ; and one killed on the desert had its cheek poaches filled 
with cactus seeds {Opuntia sp. f). 

This form of Antelope Squirrel may be distinguished from true Tamias 
leucurus by the following description : 

TAMIAS LEUCURUS CINNAMOMEUS subsp. nov. 

Type No. ^ 5 ad. U. S. National Museum (Department of A^- 
culture collection). Echo Oliffs, Painted Desert, Arizona, September 
22, 1889. Collected by C. Hart Merriam and Vernon Bailey. (Original 
number 510.) 

Measurements. — ^Total length, 220; tail vertebrae, 76; hind foot, 40 
(taken in flesh). Ear from crown 6 (from dry skin). 

General characters. — ^Differs from Tamtam leticurus in the greater length 
of the ears, tail, and hind feet, and in the ground color of the upper 
parts, which are uniform pale cinnamon, inconspicuously lined with 
black-tipped hairs, and slightly paler on the sides of the shoulders, 
rump, and legs than on the back. There is no trace of the grizzled-gray 
color which characterizes T. leucurus^ particularly in winter pelage. 
Almost the only difference in color between the summer and winter 
coat is that the latter is darker and more vinaceous cinnamon. The 
summer pelage is short and coarse ; the winter pelage long and silky. 
The fall moult takes place in September and October and progresses 
from behind forwards. Several specimens procured during the latter 
part of September are in the change, the new coat covering the back 
and rump while the old remains on the head and shoulders. 

Specimens from the cedar belt are slightly darker than those from 
the desert. 

The Antelope Squirrel and its geographic races afiford striking illus- 
trations of the exhibition of two principles of color adaptation com- 
bined in the same individual. When at rest, the animal is seldom 
seen, its color and markings being in complete harmony with its sur- 
roundings, in obedience to the law of protective coloration. But the in- 
stant it starts to run, the tail is elevated and its conspicuous white 
under-side is turned toward the observer, forcing itself upon the eye 
whether on the lookout for it or not. Thisisanexampleof what Professor 
Todd has termed directive coloration, under which head are classed 
colors and markings which promote mutual recognition at a distance.* 

•J. E. Todd in American Natnralist, xxii, 1888, 201-207. 
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Becord of specimens collected of Tamias leu^iurus cinnamomeus. 
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Mo» Ave, Painted Desert, Arizona.. 

do 

do 



.do. 
.do. 



MoAncopie, Painted DoAert, Arizona.. 

Little Colorado Biver, Arizona 

do 

Pifion belt east of O' Leary Peak 



Date. 



Sept 22. 1889 

...do 

...do 

...do 

...do 

Sept. 24. 1889 
Sept. 26. 1889 

...do 

Sept 4,1889 



Sex. 



9 

d" 
9 
9 
9 

d" 
d" 
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220 
223 
200 
208 
220 
231 
210 
200 
220 
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40 
40 
38 
39 
39 
43 
38 
30 
39 



Tamias lateralis Say. Say's Groand Sqairrel. 

Say's Groand Sqairrel in the San Francisco Moantain conntry is pre- 
eminently characteristic of the pine belt, where it is the most abandant 
mammal. It extends ap into the Donglas fir zone, and stragglers climb 
even higher on the moantain, a single individual having been found at 
timber line. It inhabits burrows in the ground, usually in rocky places, 
and does not climb trees. It has neither the grace nor agility of the 
arboreal squirrels {Sciurtis) or the true Ohipmunks (Tami<M proper) but 
its motions, habits, and voice more nearly resemble those of the Sperm- 
ophiles {Spermaphilus) and Prairie Dogs (Cyndmys), 

Its principal food plant in A^ugust is Frasera speciosay a rank herb which 
in general habit resembles our eastern mullein, having a large stalk 4 
or5feetin height. The Ohipmunks were often seen climbing these 
stalks for the purpose of feeding on the seeds. A little later they 
turned their attention to the ripening seed-pods of Pentatemon barbattts 
torreyi. Their manner of procedure when feeding on the seeds of this 
plant is peculiar and interesting. They stand erect on their hind feet, 
clasp the stem between their fore paws, and bite it off as high up as they 
can reach. Then they draw the stem past their faces, biting off each 
pod as it is reached, until their cheek-pouches are enormously distended. 
One individual which I shot in the act had thirty -nine unbroken seed- 
pods in its pouches. They feed also upon the seeds of many other 
plants, and on green herbage. 

We had not been in camp a week when Say's Chipmunks began to 
come to pick up the crumbs that were left after each meal. Familiarity 
bred boldness, and we soon found them in the cook tent carrying off 
our meager stock of provisions. These inroads became so serious that 
we were obliged to kill the culprits, in spite of our ailmiration of their 
audacity, beauty, and entertaining manners. They were so numerous 
that several dozen hail to be destroyed before the depredations ceased. 
They became very fat during the latter part of August and the first 
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half of September, at which time they began to go into winter quarters. 
During hot days a few appeared antil the time of our departure, the 
first week in October, but they were silent and did not run about much. 

Record of apecimena collected of Tamias lateralis. 
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San Franciseo Moon tain, Arisona . 
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do 

do 
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Date. 
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...do 
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Aug. 2,1889 

....do 

Aug. 2,1889 
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Aug. 5,1889 
Aug. 7,1889 
Ang. 8,1889 
....do 



....do 

....do 

....do 

....do 
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....do 
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Ang. 11, 1889 

....do 
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flpermophflTiB spilosoma prateiudB sabsp. nov. Park Spermophile. 

The Park Spermophile inhabits the grassy openings or parks of the 
pine belt, where its faint chirp is often mistaken for the note of a bird. 
It lives in holes among the tufts of bunch-grass and iris, on whose 
seeds it largely subsists, in common with Arvicola mogollonensis^ with 
which it is often associated. It feeds also on green herbage, various 
small seeds, and grasshoppers, the latter forming an important part of 
the contents of the stomachs examined. 

The form inhabiting the north park on the main mountain-side is 
typical of the new subspecies, its general color being dark russet-hazel, 
and its spots clearly defined. Specimens fix)m the black lava beds along 
the lower edge of the pine zone are still darker, exhibiting the darkest 
phase of coloration yet observed in the species, and are here named 
Spermophilus s. obsidianus. The form inhabiting the desert is very pale, 
and is here separated specifically under thensLme Spermophilus cryptospi- 
latugj no intermediate forms having been discovered in the intervening 
region. In fact, the transition from the nearly black soil resulting 
from the decomposition of the trachyte and basalt of the lava beds to 
the light soil of the desert is so abrupt that there is no suitable place 
for intergrades to occur. Protective coloration is almost as marked in 
this group as in the Homed Toads (Phrynosoma) of the same region. 

The form of Spotted Spermophile inhabiting the parks of the pine 
plateau region may be known from the following description : 

SPERMOPHILUS 8PIL0S0MA PRATENSIS sabsp. nov. 

Type No, ^^~ 9 ad. U. S. National Museum (Department of Agri- 
culture collection). Pine plateau at north foot of San Francisco Mount- 
ain, Arizona, August 5, 1889. Collected by 0. Hart Merriam and 
Vernon Bailey. (Original number 285. Teats f .) 

Measurements. — ^Total length, 197 ; tail vertebrae, 60 ; hind foot, 28 
(taken in flesh). Ear from crown 2.5 (from dry skin). 

Spermaphilus spilosoma'pratensis IB somewhat larger and considerably 
darker than S. spilosoma proper. The upper parts are uniform russet- 
hazel, marked with numerous whitish spots from the shoulder to the 
base of the tail. These spots are bordered posteriorly with blackish, 
but are not clearly defined anteriorly or laterally. They show a tend- 
ency to arrange themselves in transverse rows. The under parts, both 
eyelids, and sides of the neck are soiled white. The proximal half of 
the tail above is colored like the back, but is mixed with yellowish and 
black hairs ; the distal half of the tail above is black, bordered with 
yellowish-brown. The under surface of the tail is yellowish, with a 
partly concealed sub-apical border of black, and a basal band of rufous. 
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Record of specimens collected of Spermophihis spilosoma praiensis. 
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Tjocality. 
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do 
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do 

' do 
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j do 
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An^. 4,1889 
Aug. 5,1889 

...do 

...do 

... do 

... do 

....do 

... do 

...do 

Aug. 6,1889 
Aug. 7,1889 
...do 
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...do 

Aug. 20, 1889 
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* Type. 

Spermophilus spilosoma obsidianus subsp. nov. Dusky Spotted Spermopbile. 

The Dusky Sperinophile is a dark form of the Spotted Spermopbile 
group. It inhabits the disiutegrated lava soil of the cedar belt, and its 
relation to S. cryjHospilotus of the Painted Desert is precisely the same 
as that of Onychomys fuUginosns to Onychomys paUescens, both being 
striking illustrations of the law of color adaptation. Its relation to 
SpermopMluH spilosoma pratc7isis of the parks in the pine belt is very 
close, and it may be regarded as a dark form of that animal. It is 
highly probable that the specimens here described do not represent 
the darkest phase of the subspecies, as they were taken in the upper 
edge of the cedar belt where the soil is not nearly so black as in many 
other places. 

SPEKMOPIflLlS SPILOSOMA OIJSIDIANUS siibsp. nov. 

Ty|)e Xo. .^,^^[^^ S ad. U. S. National Museum (Department of Agri- 
culture collection). Cedar belt, northeast of San Francisco Mountain, 
October 1, 18.S9. Collected by Vernon Bailey. (Original number 557.) 

Measurements (taken in flesh by collector). — Total length, 190; tail 
vertebra', (m ; hind foot, .'i'3. External ears represented by a mere thick- 
ened rim above. 

iSpermophilKs spilosoma ohsiflianus closely resembles 8, s, pratensis^ 
but has longer hind feet and tail, and is uniformly darker, the ground 
color above being dull sei)ia-brown instead of rus.set-hazel. The whitish 
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dorsal spots are aboat as distinct as in pratensisy and reach further for- 
ward on the nape, bat their black edgings are lost in the dark ground 
color. 

Record of specimens collected of Spermophilus spilosoma ohsidiantm. 
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Spexmophilua or3rpto8pilotii8 sp. dot. Desert Spermophile. 

This new species is one of the few diurnal mammals which inhabit 
the hot and arid wastes of the Painted Desert, where it lives in burrows 
in tbesand among the scattered bushes of the spiny grease wood {Atriplex 
eanescens). 1 shot the type specimen near Tenebito Wash, about 40 
kilometers (25 miles) east of the Little Colorado, August 17, 1889 ; and 
tr^ped several others at the foot of Echo Cliffs, in the northern part 
of the Desert, September 23. 

It is the palest representative of the group of which Spermophilus 
fpihsoma may be regarded as the central form, and its bleached, yel- 
lowish pelage is in perfect harmony with its desert surroundings. It 
may be known from the following description: 

SPERMOPHILUS CRYPTOSPILOTUS sp. nov. 
[Plate DC, figs. 1, 2, and 3: skull.] 

Type No, ^g ^ ^' ^' ^' National Museum (Department of Agri- 
culture collection.) From Tenebito "Wash, Painted Desert, Arizona, 
August 17, 1889. Collected by C. Hart Merriam. 

Measurements (taken in flesh by collector).—- Total length, 190 ; tail 
vertebrae, 60; hind foot, 32. Ear from crown 2 (taken from dry skin). 

Spermophilus cryptospilotus is the palest known form of the S. spilosoma 
group. In the type, which is an adult male in worn summer pelage, the 
ground color above is uniform buffy-clay-color, without spots. When 
held in certain lights, faint traces of the obsolete spots may be detected. 
Patches of the fresh fall coat are coming in behind the ears and on the 
sides of the neck. The tail is colored like the back, but is more yellow- 
ish below, and has a partially concealed subterminal black band. 

Another adult (No. 17678, from the foot of Echo Cliffs), a recently 
nursing female (with pectoral teats i; inguinal J), is in the same worn 
breeding pelage though killed as late as September 23. The color above 
is tinged with vinaceous cinnamon, and there are no traces of spots. 
Two others taken at the same place the same day (Nos. 17677 and 
17679), and probably young of the year, though full grown, are in the 
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new anworn pelage and are distinctly marked with whitish spots on 
the rump and posterior part of the back, and the rest of the back is 
mixed with hoary. 

Record of apecimeM collected of Spermophilus crypioepilotus. 
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Spermophilus grammums Say. GroaDd Squirrel or Spermophile. 

The home of this Spermophile is in the pinon and cedar belt. It 
rarely occurs so high up as the lower edge of the pines, and still more 
rarely in the desert below the edge of the cedars. It is particularly 
abundant along the brink of the Grand Canon of the Colorado, living 
in ledges and crevices among the rocks, and feeding chiefly on piiion 
nuts when they are to be had. Unlike Abert's Squirrel, which it nearly 
equals in size, it is very wary and difficult of approach. Young about 
two-thirds grown were found near the mouth of their holes early in 
September. 

Record of specimens collected of Spermophilus grammurus. 
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* Tail short 



Cynomys gnnnisoDi Baird. Prairie Dog. [Plate ix, figs. 5, 6, and 7 : skull.] 

Prairie Dogs abound throughout the Sonoran region, occurring io 
scattered colonies on the Little Colorado Desert and in nearly all the 
parks in the cedar and pine belts. A few are found as high up as the 
parks that penetrate the Douglas fir zone. They are abundant in the 
large meadow in which Fort Moroni is situated, at the west foot of San 
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Francisco Mountain, and are common within 2 miles from the town of 
Flagstaff, where I have seen dozens of them feeding in a field of ripen- 
ing oats which had been rained by their depredations. Their boldness 
in permitting me to approach within a stone's throw before diving into 
their barrows shows that no effort had been made to destroy them. As 
a role they are not easily trapped, bat under ordinary circumstances 
ranches of reasonable size may be kept cleat of them by the nse of 
bisulphide of carbon. 

The San Francisco Mountain Prairie Dog is typical gunnisoni of 
Baird, and differs from the white-tailed animal from Wyoming, the 
latter being as yet unnamed.* 

Record of ^edmens collected of Cynomya gunnisoni. 
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Castor oanadensifi KnhL Beaver. 

Beavers still inhabit the lower part of the Little Colorado, at least at 
certain times of the year, but what becomes of them when the river 
dries up I am unable to say. Perhaps they move down into the Grand 
Canon of the Colorado, where water is always plentiful. We found 
Beaver cuttings at Tanner's Crossing. Woodhouse states that he found 
lodges on the Little Colorado, near the mouth of the Zuiii, in October, 
1851; Eennerly says that in December, 1853, Beavers were *' very com- 
mon in many places" along the Little Colorado ; and Mollhausen speaks 
of finding their dams on the same stream. 

Onychomys ftiUginostiB sp. nov. Dusky Scorpion Monse. 

This new species of Scorpion Mouse inhabits the piiion and cedar 
belt and the lava beds between San Francisco Mountain and the Desert 
of the Little Colorado, where its dark, almost blackish coloration, 
nnique in the genus, is in as complete accord with the prevailing color 
of the decomposed lava and 'malpais' soil on which it lives as the 
pallid-cinnamon tints of its congener of the Painted Desert are with 
its environment. The two forms, though inhabiting adjoining areas, 
exhibit the extremes of color variation at present known in the genus; 
yet it is clear that both sprang from a common ancestor in very recent 
times, for the region which they inhabit was only recently (geologically 
speaking) rendered habitable for any member of the group. The high 



* It will be described in Fauna No. 4, under the name Cynomys leucurua. 
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plateau on which the Desert of the Little Colorado is situated, and be- 
low the general level of which it has been excavated to the depth, of 
1,000 meters (about 3,000 feet) by the drainage system of the now 
evanescent stream whose name it bears, was formerly clad in a forest 
of spruce and fir, the remnants of which still cling to the mountains 
and buttes that rise above its level, and was too cold and moist to suit 
the requirements of this type, whose center of distribution is in the 
semi-tropical arid lands of the Sonoran fauna. Therefore the diflferen- 
tiation must have taken place subsequent to the invasion of the re^on 
by the parent form, the well-known laws of protective coloration oper- 
ating to clothe the colonies which made their homes respectively on the 
light sandy desert, and in the black lava beds, with garbs which har- 
monize best with their distinctive surroundings, l^early parallel cases 
occur in the Spermophiltis spilosoma group, the PerogtMthus flavus group, 
and the Thomomys group inhabiting the same region. Better examples 
of color adaptation to environment would be hard to find. 

A complete series of intergrades between Onychomys fuliginosus and 
0. melanophrys pallescens (the pale form inhabiting the Painted Desert) 
might be expected were it not for the abrupt transition from the dark 
lava beds to the light-colored soil of the desert. Two somewhat inter- 
mediate specimens (l^os. 17,995 and 17,996) were in fact obtained jost 
below the edge of the lava flow a few miles east of Black Tank. Still 
others may be discovered, in localities not yet explored, which will con- 
nect the Scorpion Mouse of the lava beds witb that of the desert. But 
for the present it must be accorded full specific rank. 

The st6machs of the specimens collected contaiued scorpions and 
insects. 

The species may be known from the following diagnosis : 

ONYCHOMYS FULIGINOSUS ep. nov. 

Type JJJ^ 9 ad. U. S. National Maseum (Department of Agriculture 
collection.) From Black Tank lava beds, northeast of San Francisco 
Mountain, September 27, 1889. Collected by 0. Hart Merriam and Ver- 
non Bailey. (Original No. 547. This specimen is a very old female with 
the teeth worn down flat. She contained two large embryos.) 

Measurements. — Total length, 160; tail vertebrae, 47 ; hind foot, 21.5 
(taken in flesh). Ear from crown, 12.5 ; ear from anterior root, 16 (taken 
from dry skin). 

General characters. — Size rather large; tail and hind feet short; ears 
ratlier large, with lanuginous tufts at base scantily developed ; pelage 
coarser than in the melanophrys group. 

Color. — Above, blackish slate, darkest along the middle of the back, 
faintly tinged with fulvous on the sides ; under parts white, the hairs of 
the belly plumbeous at base. Tail dusky above, except the terminal 
fourth which is whitish like the under side; a ring of dusky surroumlH 
the base of the tail. The color of the upper parts is more extended 
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tbaa iu any of the known forms. It completely covers the sides, com- 
ing down to the belly, from which it is separated by a very sharp line 
of demarkation; it also completely covers the posterior and outer 
aspects of the hind legs to the ankles, where it ends abruptly. 

Oeneral remarks. — The general color of Onychomys fuliginosus suggests 
the immature pelage of 0. leucogasterj but comparison of specimens 
soon dispels the illusion. The type of the present species is one of the 
oldest specimens of the genus that has fallen under my observation. 

Record ofspedniens collected of Onychomya fuliginosus. 
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OnychomyB melanophrys pallescens subsp. nov. Desert Scorpion Mouse. 

This form ot Onychomys inhabits the Painted Desert and the high 
mesa on which the Moki pueblos stand. 

Like its congeners it is carnivorous, feeding principally on insects 
and scorpions. The stomachs of all of the specimens procured contained 
scorpions, and many were distended with them to the exclusion of other 
food. One contained the hair and flesh of a mouse. The species was 
very troublesome because of its habit of preying upon the small mam- 
mals found in our traps. It may be known by the following diagnosis: 



Type No. :^ 



ONYCHOMYS MELANOPHRYS PALLESCENS subsp. nov. 

$ ad. Merriam Collection. Moki Pueblos, Apache 



4083 

County, Arizona, May 18, 1888. 

Measurements of type (from dry skin, apparently somewhat over- 
stuflfed). — Total length, 168 ; head and body, 125 ; tail, 15 ; hind foot, 22 ; 
ear from crown, 12; from anterior root, 16.5. 

General characters. — Size large, exceeded only by 0. longipes of Con- 
cho County, Texas; ears, feet, and tail much as in 0, melanophrys ; fur 
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full, long, and soft ; orbital ring absent or incouspicnous ; lanaginoas 
tuft at base of ear well developed. 

Color. — Above, pale tawny-cinnamon, palest anteriorly, and bright- 
est on the flanks and rump ; not noticeably mixed with black-tipped 
hairs. Below, pure white to roots of hairs. 

General remarks. — Onyehomys melanophrys pallescens differs from 0. 
melaTwphrys in its somewhat larger size and decidedly paler coloration. 
An adult female from the Moki villages agrees in all respects with the 
type. An adult female (No. 17998) from Echo Cliffs, near the north end 
of the desert, is somewhat smaller and the colors are slightly deeper. 
A young adult male (No. 18002) from a gulch a few miles north of 
Moencopie, has a longer hind foot (measuring 24 millimeters), and the 
upper parts are clay -colored, faintly washed with tawny, particularly on 
the flanks. Three young from Echo Cliffs have the upper parts clear 
gray, slightly mixed with black-tipped hairs, and in one of them (No. 
17999) the f^ir of the belly is plumbeous at base. 

Record of aptdmsns collected of Onyehomys melanophrys pallescens. 
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Hesperomys eremious Baird. Silky Cliff Mouse. 

Henperomys eremicus was described by Baird in 1857 from specimens 
collected at Fort Yuma on the Lower Colorado. It is a rock-loving 
species and usually makes its home in cliffs or ledges in the desert 
Following up the Colorado River it passes through the Grand Canon 
and enters the Desert of the Little Colorado. Specimens were secured 
along the sandstone cliffs that border the latter stream, and also at Echo 
Cliffs. In the Grand Canon it is excessively abundant, outnumbering 
all the other mammals collectively, and proving a nuisance to the 
trapper by constantly getting into traps set for Pocket Mice and other 
more desirable species. 

During the two nights spent in the cation these mice came about mj 
blankets in great numbers and I was forced to place my scanty stock 
of provisions in a small tree for protection ; bat even there it was not 
safe, for the mice are excellent climbers, and I shot one by moonlight 
as it peered down at me from a low branch. 
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Record of apecimena collected of Hesperomys eremicus. 
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• Teats g. 

Hesperomya megalotis sp. no v. Leaf-eared Cliff-Mouso. 

This huge-eared Mouse was found at two places only : the Grand 
Canon of the Colorado and the Desert of the Little Colorado. In the 
latter locality it inhabits the ruins of ancient cave dwellings in the 
side of a lava flow about a mile east of Black Tank. Specimeus of the 
same or a closely related form were collecte<l by Mr. Bailey at Moccasin 
Spring, Arizona, near the boundary line between Arizona and Utah, in 
December, 1888. 
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HESPEROMYS MEGALOTIS sp. nov. 
[Skull, plate iv ; teeth, plate in, figs 1,2,3, and 4.] 

Type No. ^^ S ad. U. 8. National Museum (Department of Agri- 
culture collection). From Black Tank, Desert of the Little Golarado, 
Arizona, September 21, 1889. Collected by G. Hart Merriam (original 
number 502). 

Measurements. — Total length 200; tail vertabrse 108; pencil 10; hind 
foot 24 (taken in flesh). Ear from crown 21 ; ear from anterior notch 
25 (taken from dry skin). 

General characters. — Size large ; ears enormous ; tail long and sharply 
bicolor, with a long pencil. 

Color. — ^Upper parts yellowish-brown, strongly suffused with reddish- 
brown [other specimens lack this suffusion], sides washed with tawny- 
salmon ; ears, narrow ring round eye, and upper surface of tail dilsky. 
Under parts including feet, white; a salmon suffusion across breast. 

General remarks — Hesperomys megalotis requires comparison with but 
one species, namely, H. truei from Fort Wingate, N. Mex. Through 
the kindness of Mr. F. W. True, Curator of Mammals in the National 
Museum, I have the type of H. truei before me. Its ears, hind feet, and 
tail are shorter than those of H. megalotis; its skull is broader and 
flatter, and the notch between the condyle and angle of the jaw is much 
deeper. Unfortunately the teeth of H. truei are worn down to the gams 
and show no characters. The hind foot of H. truei measures 21°"°, 
while in the smallest of four specimens of M. megalotis it measures 23°""*. 
Shufeldt records the length of the tail vertebrae as 82™™. in E. truei; the 
shortest perfect tail in four specimens of H. megalotis measured 103™™, 
a difference of 21™™., or a little more than 20 per cent. 



Record of specimens collected of Hesperomys megaloHs. 
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Hesperomys leuooptis rufinus subsp. nov. White-footed Mouse. 

The White-footed Mouse of San Francisco Mountain abounds in 4;he 
open parks as well as in the forests, and extends up the mountain to or 
beyond the upper limit of tree growth. As in most other parts of 
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North America it is a coustaQt annoyauce to the trapper, getting into 
al] kinds of traps set for other small animals, particularly Arvicolas, 
Shrews, and Spotted Spermophiles. As a rule, traps must be kept in 
one place long enough to catch most of the White-footed Mice of the 
immediate vicinity before much success can be expected with other 
species. This is due in part to the abundance of these Mice, and in 
part to the fact that they take all kinds of bait — bread, cheese, corn- 
meal, oatmeal, and flesh, particularly birds' heads, a favorite bait for 
Shrews. They are chiefly nocturnal, but are sometimes caught in the 
day-time. Seeds of small j)lants and remains of grasshoppers were 
found in most of the stomachs examined. 
The new form may be known from the following description : 

HESPEROMYS LEUCOPUS RUFINUS eubsp. nov. 
r Teeth, plate iii, tigs. 5, 6, 7, and 8.] 

Type No. ^^ 9 ad. U. S. National Museum. From San Francisco 
Mountain, Arizona (altitude 9,000 feet), August 22, 1889. Collected 
by C. Hart Merriam and Vernon Bailey (original No. 401 ; contained 7 
embryos; teats, |.) 

Measurements. — ^Total length, 168; tail vertebrae, 69; pencil, 6; hind 
foot, 19 (taken in the flesh); ear from crown, 13; ear from anterior 
notch, 18 (taken from dry skin.) 

General characters — Similar to H. leueopus^ but with somewhat larger 
and broader ears and much shorter tail. There is a lanuginous tuft at 
anterior base of ears, of which hardly a trace exists in jET. le^iwpus. The 
hallux ends opposite the base of the second toe, while in JJ. leuoopus it 
passes beyond this point. 

Color. — Upper parts, deep tawny brown, darkest along the middle of 
the back, and brightest along the sides, the body color reaching to the 
elbows and heels; under parts, including feet, white; tail, sharply bi- 
color, dusky above, whitish below ; ears, dark. 

Cranial characters.— -The zygomatic arches are much broader anter- 
iorly than in H. leueopusj and the incisive foramina extend further back- 
ward, reaching the plane of the first molar. The most marked cranial 
character is the shape of the zygomatic arches; anteriorly they stand 
oat from the skull with a distinct 'elbow' at the bend, and in some 
specimens are actually broader in front than behind, while in H, leu- 
copus they are very much narrower anteriorly than posteriorl3\ 

General remarks. — I have compared the San Francisco Mountain 
White-footed Mouse with nearly a thousand specimens from various 
parts of North America, and find that it most closely resembles the 
form inhabiting the Adirondack region in northern New York. The 
difference in length of tail, however, is great, and the cranial differences 
are those above mentioned. 
601— No. 3 5 
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Record of specimens collected of Hesperomjfs leuoopus rufinua. 
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Hesperomys leucopus sonorienBiB Le Conte. Desert White-footed Moose. 

This subspecies inhabits the Painted Desert. Several immature 
specimens from the edge of the lava beds near Black Tank, and one 
from the Grand Canon of the Colorado, are here provisionally cata- 
logued under this name though too young to show positive characters. 
These are Nos. 17926, 17932, 17942, 17945, 17946, 17947, 17948. 



Record of sjyecimens collected of Uespcromys leucopus sonoriensis. 
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Heotoma mexicana Baird. Roand-tailed Wood Rut. [Skull, plate X,fig8.5,6,7,aDd 8. ] 
This Wood Eat is abandant throughout the pioe area, where it makes 
its nests in the crevices of rocky ledges. Bulky uests of sticks were 
found on the ground in the cedar and pinon zone, and also in the ancient 
cave dwellings of the Indians in the volcanic craters and lava flows be- 
low the mountain and in the desert. Cactus spines in large quantities 
form an important element in and about these nests, and doubtless 
serve as a protection against Coyotes and Skunks. Whether or not the 
diflbrent kinds of nests are made by the same species I am unable to 
say. Wood Eats are abundant in the Grand Canon of the Colorado, 
where specimens were captured along the cliff at the top of the canon 
and also near the bottom. 

Becard of epecimens colUcted of Neotoma ntexicana. 
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163 I 

161 ! 
176 ' 

164 I 
160 
125 I 

48 I 
140 i 
157 I 

162 i 
154 
152 
150 ' 



37 

37 

37 

86 

37 

34 

215 

36 

36 

36 

35 

36 

34 



" Very young. 
Anricola alticolns sp. dov. Mountain Vole. 

This new species occupies higher altitudes and moister situations 
than A, mogollonensiSj the only other Vole known to inhabit the region. 
It is common along the borders of the higher parks, and in the moist 
meadows at and just above timber line on San Francisco Mt)untain, and 
ranges down to the lower part of the Douglas fir zone, where several 
specimens were caught at the point where Little Spring comes out of 
the ground. Thus its vertical range is from 2,600 to 3,500 meters 
(8,200 to 11,500 feet). Its runways were noticed in great abundance in 
a moist park on the summit of Kendrick Peak. At timber line, on San 
Francisco Mountain, it feeds extensively on seeds of Primula parryt. 

The species may be known from the following description: 

ARVICOLA (MYN0ME8) ALTICOLUS sp. nov. 
[Sknll, plate V, tigs. I and 2; teeth, plate VI, tigs. 1,2,:<, and 4.] 

T>pe No. ™J $ ad. U. S. National Museum (Dei)artment of Agri- 
culture collection). From Little Spring (altitude 2,500 meters — 8,200 
feet), San Francisco Mountain, Arizona, July 31, 1889. Contained ^^ 
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embryos; teats |. Collected by C. Ilart Merriam and Vernon Bailey. 
(Original number 243.) 

Measurements, — Total length, 170; tail vertebrae, 56; hairs, 8; hind 
foot, 20 (taken in flesh). Ear from crown, 8; from anterior root, 14 
(taken from dry skin). 

General characters. — Size medium or rather large ; ears large, pro- 
jecting nearly 4 millimeters above tlie fur; autitragus small, hardly half 
as large as in A. longicaudus ; hind feet of medium length ; tail long but 
shorter than in A, langicaudus. 

Color, — Upper parts dark bister, suffused with pale reddish-brown, 
and conspicuously lined with black; under parts hoary plumbeous, the 
lineofdemarkation distinct but not sharp. Tailbicolor; dark brown 
above, darkest near the tip; grayish brown below. 

Cranial characters. — Skull large and rather narrow across the zygo- 
matic arches; rostral portion long; incisive foramina about twice as 
long as premaxillary symphysis ; nasals ending posteriorly nearly on a 
line with the ends of premaxillaries and terminating in a rounded or 
pointed extremity [this character does not hold in the young] ; nasals 
not strongly decurved; jugals not expanding into a vertical plate or 
lamella; zygomatic arches spreading posteriorly; outer border of 
parietals convergent anteriorly. 

Dental characters, — ^The dental characters of this species are those of 
the western division of the section or subgenus Mynonies of Baflnesque — 
the western species, as a rule, lacking the postero-int^ernal loop or tri- 
angle of the middle upper molar, which is a conspicuous character in the 
eastern A. riparius. 

General remarks. — Arvicola alticolus is nearly related to A. longicaudus 
from the Black Hills of Dakota. It differs from A. mogollonensuiy the 
only other species known to inhabit the mountains of northern Arizona, 
in many particulars, which for convenience of reference have been ar- 
ranged antithetically in tabular form as follows : 

Distinctire diagnoses of Art'icohi alt'noltis and A. mogoUonensis, 



A. rnoffoUonnisitf. I A. aUicolu*. 



ToUl lengtb .' LeHsthan 140'-» More than 170**. 

Tail vertebrae I I^ss than 32"""* | More than 50"«. 

Hind foot | IS-""" j 20""". 

Ratio of zygomatic breadtli to basilar About 68 ' About 62. 

length of skull. i | 

Incisive foramina But little lun j!or than pii'uiax- About twice as long as pre* 

illary symphysiH. maxilliary symphysis. 

Jagal bone Expandiuii into a vort ical plate Xot expanding into a verlicaJ 

or lamella. plate or lamella. 

Zygomatic arches Widest anteriorly Widest posteriorly. 

Nasals ending posteriorly Far short of premaxillaries .. I Xearly on a line with pre- 

I niaxillaries. 

.li*osterior endn of nasals . j Emar;;inate Kouuded or irainted. 

Kasals Stronjzly d«'rte\rd Not Ntrongly detiozed. 

Outer borders of parictala Tarallel anttriorly Con veigont anteriorly. 

* Thirty-two millimeters in the maximum lueaHurenieut of tail iu tifteeu specimens of A. moffolUm' 
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Record of specimens collected of Arnvohi alticolns. 



is 



Local it V. 



Date. 



O 



I 



^ I S I I 



lai! 243 



HUI i 


261 


Hill 


409 


um 


422 


Hia 


495 


utn t 


403 


iill! 


407 


HH5 


408 


uiir 


423 


i»ii 


424 


ilHll 


496 


Htn 


497 


HHS 


408 



San Francisco Moantain, July 31, 1889 9 170 
Arizona. ' ' 

do 1 Aug. 1, 

do AuK.29, 

do I Auj?.30, 

do ! Soptl9, 

do Aug. 

do ) Aug. 29, 

do , Aug. 28, 

do I Ang.30, 

do I do .. 

do ' Sept 19, 

do 1 — do 

do — do 



,1889 
.1889, 
,1889 I 
\ 1889 I 
,1889 
,1889 



,1889 



9 I 

?! 

cT , 

d" ; 

^! 

9 I 

<^ ! 



170 
193 
182 
175 ! 
148: 
123 , 
157 i 



123 

120 I 

122 ! 

121 i 

123 I 



H 

I 
56 

55 
53 
55 
62 
47 
36 
52 
30 
38 
41 
37 
39 



20 

20 I 
20 \ 

20 ' 
20 
20 
19 

21 I 

19 1 

19 I 
19 I 
19 I 

19 I 



Remarks. 



Typo. Contained six en]> 

bryos. 
Adult. 

Contained five embryos. 
Adult 

Do. 
Immature. 

Do. 

Do. 

Do. 

lio. 

l>o. 

Do. 

Do. 



Arvicola inogollonexiBiB Mearns. Mogollon Vole. 

This 8X)ecies, which has been recently named by Dr. Mearna* from 
an immatare specimen collected at Baker Batte, on the Mogollon 
Mesa in central Arizona, inhabits the parks in the pine belt of San 
Francisco Mountain, but was not found at a greater altitude than 2,500 
meters (8,200 feet). It lives in small colonies, with well-beaten paths 
or runways between the various burrows, and feeds principally on the 
seeds of Artemuia wrightii and related species, and also upon those of 
the blue iris {Iris fnissoiiriensis)^ and the stems of various grasses. 

Dr. Mearns named the species from a young individual with a broken 
skall, but did not point out any characters by which it can be distin- 
goished from other menibers of the genus. Through the courtesy of 
Dr. J. A. Allen, Curator of Mammals in the American Museum of Natural 
History, New York, 1 have had the opportunity of examining the type 
aud comparing it with my series of the same species from San Fran- 
cisco Mountain.t In order that the species may be recognized by future 
students of the group, I have prepared the following description, based 
on fifteen specimens collected at San Francisco Mountain, Arizona: 

Arncola mogoUonensin Mearns. 
[Skull, plate V, fij^s. 3 and 4 ; teeth, plate VI, figs. 5, 6, 7, and 8.] 

(This species belongs to the western division of the subgenus My- 
nonies.) 

Measurements.^TotaX length, 125 to 140 ; tail vertebraj, 24 to 32 ; hairs, 
5; hind foot, 18 (taken in flesh). Ear from crown, 5.5; from anterior 
base, 11 (taken from dry skin). 

'Ball. Am. Mus. Nat. Hist. New York, II, 4, 2<^3. Author's separates published Feb- 
ruary 21, 1890. 
tSau Francisco Mountain is about 96 kilometers (<*»() niilrs) north of Baker Butte. 
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Oeneral characters. — Size small; tail and bind feet very short ; liiud 
feet broad and hairy; ears moderate, not concealed by fur; autitra^as 
of medium or rather large size ; pelage long and soft, not '^ short and 
hispid " as stated by Dr. Mearns. 

Color. — Upper parts uniform light bister, strongly and uniformly 
suffused with pale reddish-brown, with no tendency to become darker 
along the middle of the back, and not conspicuously mixed with black 
tipped hairs; under parts uniform dark plumbeous overlaid with hoarj, 
due to the whitish tips of the hairs. Tail indistinctly bicolor: above, 
concolor with the back ; below somewhat lighter. 

Cranial characters. — Skull short and broad ; zygomatic arches widest 
anteriorly or with sides parallel ; rostrum short; incisive foramina not 
more than one-half longer than premaxillary symphysis ; nasals abruptly 
deflexed, emarginate posteriorly, and falling far short of premaxillaries; 
jugals expanding anteriorly into a vertical plate or lamella the lower 
part of which embraces the end of the zygomatic process of the maxil- 
lary ; outer borders of parietals parallel anteriorly. 

Dental characters. — ^The dental characters oiArvicola mogoUonensis are 
those of the subgenus Mynomes. The postero-internal loop of the mid- 
dle upper molar is generally wanting, as usual in western ArvicoUe^ but 
in one specimen it is present (No. 24563). The last upper molar com- 
monly has three re-entrant angles on its inner face, but sometimes has 
four owing to an extra fold on the posterior crescent. The front lower 
molar usually has two and sometimes three closed triangles on the inner 
side. The range of variation is well shown in the accompanying figures 
(see pi. VI, figs. 5-8). 

An antithetical diagnosis of A. mogollonensis as compared with A. 
alticolus has been given under the head of the latter species. 

Record of specimens collected of Arvicola mogollonensis. 



2® 
-I 



mn 

mn 

mn 
iini 
urn 

\i\n 
uni 
him 
urn 
mu 
kim 
him 
urn 
\itit 



283 

284 
294 

302 
303 
304 
305 
311 
312 
313 
327 
328 
302 
399 
338 



Locality. 



Date. 



I 
San Francisco Mountain, ; Au^. 5, 1889 

Arizona. 

do 



... do I 

Aug. 6,1889 
Aug. 7, 1889 j 
... do i 

...do I 

... do 

Aug. 8,1889 
....do 

...do 

Aug. 10. 1889 

...do 

Aug. 21, 1889 

.do i Aug. 22, 1889 I 

.do I Aug. 10, 1889 



..do. 
..do. 
..do. 
..do . 
..do. 
..do . 
..do. 
..do . 
..do. 
..do. 
..do. 



139 32 



127 
ISO 
130 



13G 29 

126 28 
133 30 

127 , 24 



138 
128 ^ 
120 ■ 
135 I 
123 I 
128 I 
135 



Remarks. 



Contained three em* 

bryos. 
Nearly full grown. 
Old. 

Do. 
Contained three em- 
bryos. 
Adult. 
Do. 



Do. 



Do. 
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Thomomys fulvuB Woodhouse. Woodhousc's Pocket Gopher. 

This species was first described by Woodbouse from specimens pro- 
cared at San Francisco Moantain in October, 1851. It is very abnn- 
daut tbroQghont the pine belt, and occars also in suitable places all the 
vay np the side of the mountain to timber line. 

Record of specimens collected of Thomomyn fuh'us. 



II ■ 
^1' 


o 

ce 
a 

5 


iim 1 


245 


Hill 


349 


UiU 


350 


Hm' 


351 


um' 


362 


kim 


385 


mil 


386 


m\i 


387 


U!II 


305 


mi 


402 


mi { 


421 


\mi 1 


244 


\m\ 


318 


kirn 1 


388 


mi 


389 


iins ' 


390 


mt 


394 


kim 1 


306 


mi 


493 



Locality. 



D»t«. 



Sex. I * 






H I 



San FranciBCO Moaotain, Arizona July 31, 1 889 

do Aug. J2, 1889 

do do 

do Aug. 18, 1889 

do Aug.15,1889 

...do Aug. 21, 1889 

do do 

do do 

do Aug. 22, 1889 

do Aug. 23, 1889 



.do. 
.do. 
.do. 
.do., 
.do. 
.do. 
.do., 
.do. 



Aug. 29, J 889 
July 31, 1889 
Aug. 8,1889 
Aug. 21, 1889 

...do 

...do 

Aug. 22, 1889 
...do 



d'ad. 
cTad. 
9 ttl. 
cTad. 
cTad. 
9 ad. 
cTad. 
9 ad. 
9 ad. 
cTad. 
rT ad. 
9 im. 



222 


70 1 


203 


04 


210 


73 


215 


71 


231 


74 


220 


76 


210 


70 


210 


^1 


205 


60' 


217 


64 i 


187 


62 


216 


65 



Grand Ca&ou, Arizona Sept. 14, 



im.. 


178 1 


59 


9 im . 


194, 


65 


9 im.. 


178 


57 


9 Ira.. 


190 ; 


56 


9 im.- 


205 1 


67 


9im.. 


193 1 


64 


if im.. 


170 j 


52 



30 
28 
29 
30 
30 
34 
30 
30 
28 
30 
27 
29 
29 
28 
27 
26 
30 
28 
25 



Thomotnys perpallidns Merriam. Desert Pocket Gopher. 

This pallid form of Pocket Gopher occurs in isolated colonies in the 
Painted Desert. Specimens collected in the sand flats bordering the 
Little Colorado are almost as pale as the type, which came from the 
Colorado Desert in southern California, except that the tips of the 
hairs of the back, occiput, and sides of the face are strongly marked 
with tawny clay-color. 

Record of specimen collected of Thomomys pcrpalUdus. 



Locality. 





o 

a 











\\%\\ 504 1 Painted Des«rt, Arizona . 









Date. 


Sex. 


1 






1 


Sept.22, 18ii9 


(S 


23 



79 I 33 



Dipodops longipes gen. et sp. no v. Moki Kangaroo Rat. 

This new Kangaroo Rat is common throughout the Desert of the Lit- 
tle Colorado, but was not found elsewhere. Like its relatives, it lives 
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ju burrows iu the sand, wliicU are usually closed in the day-tiiue. Mr. 
Bailey long ago made the discovery that the holes of most species of 
this group may be recognized at a glance from the fact that tbey are 
never dug straight down on a level plain, but are made in a side bill or 
sand bank so that the entrance is nearly horizontal, and as a rale there 
is a little mound of sand at the mouth of the burrow, which the animal 
throws out for the purpose of closing the hole for the day. 

The American Kangaroo Eats fall naturally into two groups of 
generic value, one possessing four toes on the hind foot, the other five. 
The type of the genus IHpodomys (D. phillipsi^ from Real del Monte, 
Mexico, described b^ Gray in 1841) has four hind toes; hence the ge- 
neric name Dipodomys must be restricted to the four-toed species. The 
first five- toed species described is 1). agilis (from Los Angeles, Califor- 
nia, named by Gambel in 1848), which therefore becomes the type of 
the new genus, Dipodops. The genus Dipodops is ba^ed on the pos- 
session of five complete toes on the hind foot (each toe consisting of 
metatarsal, phalanges, and claw), without regard to any other charac- 
ter whatsoever. Discussion of the cranial characters of the speeies of 
both genera may be found in a special paper soon to be published by 
the writer. 

The species inhabiting the Desert of the Little Colorado may be known 
from the following description : 

DIPODOPS LONGIPES sp. nov. 

Type No.^^ $ yg. ad. TJ. S. National Museum (Department of Agri- 
culture collection). Foot of Echo Cliffs, Painted Desert, Arizona, Sep- 
tember 22, 1889. Collected by C. Hart Merriam. (Original nuqiber, 
512.) 

Measurements, — Total length, 275 j tail vertebrje, 165; pencil, 25; 
hind foot, 42 (taken in flesh). Ear from crown, 8 (taken from dry skin). 

General characters. — Similar to Dipodops agilis^ but with longer hind 
feet, shorter tail, and much paler coloration. 

Color. — Above, uniform ochraceousbuff, finely lined with black- tipi>ed 
hairs, the latter being most noticeable on the rump ; a large pure white 
spot over each eye and another behind each ear. Cheeks between whis- 
kers and ears, mostly white, slightly mixed with ochraceous. Under 
parts pure white to base of hairs, including fore legs. and feet, band 
across thighs, and hind feet (except soles, which are dusky). Upper 
tail stripe dusky, continuous to end of tail, but paler on the crested pen- 
icillate portion, where it involves the terminal half of each hair only; 
under tail stripe v^ry narrow posteriorly and indistinctly continuous 
with the dark tip of the pencil ; lateral white stripes broad and distinct 
from basal white ring to white basal portion of pencil. 

Cranial characters. — The skull of Dipodops longipes differs from that 
of D. agilis in the following particulars : The vault of the cranium is 
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more highly iirched ; the parietals (viewed from above) do not send off 
a long aud slender poHtei*o-latera1 process ; the zygomatic bridge of the 
maxillary is evenly rounded oflF below, instead of sending oflF a postero- 
external lobale ; the distance across the posterior border of the frontals 
eqnals that from the flront of the nasals to the posterior end of the nasal 
branches of the premaxillaries, and also that from the anterior point of 
the frontal to the mastoid inflation ; and the pit in the horizontal ramus 
of the maudible, behind the last molar, is very much larger than in 7>. 
agilis. 

It shoald be mentioned that the present species needs no comparison 
with D. chapmani, recently described by Dr. Mearns from Fort Verde. 

Record of specimens collected of THpodops longipes. 




Date. 



UiU . 505 PaiDtod Desert. Arisona Scpt.22,1889 

HiU *5I2 ! do I Sept. 23, 1889 

! I do ' Sept. 24, 1889 



Sex. 






5 



256 ' 

275 ' 

255! 



I 



1: 


3 


137 


43 


165 


42 


150 


41 



* Type. 

PerognathuB apache Merriam. Apache Pocket Mouse. 

This Pocket Mouse is probably common in suitable localities through- 
out the Little Colorado Desert. The type specimen of the species came 
from the high mesa on the east side of the Painted Desert. I caught 
an immature individual near Moa Ave at the foot of Echo OliflFs, Sep- 
tember 25. Its hole was under a grease wood bush on a sand plain. 

Record of 8pe4!imen collected of Perognathua apache. 



Hi 


6 
'A 

1 

O 


Locality. 


1 

\ 

1 


524 


Painted Desert, Ari- 
zona. 



Date. 



Sex. 



i 

^ 



I > i 



I 



Remarks. 



Sept. 26, 1889 , cf im . 139 72 laS | Foot of Echo Cliffs. 



Perognathua flavtia subsp. Baird's Pocket Mouse. 

An undescribed form of Perognathus flanis inhabits the Desert of 
the Little Colorado. An immature specimen was caught in Tanner's 
Galch, a few miles north of Moencopie, September 24, but it is too 
young to admit of satisfactory description. 
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[if cord of specimen collected of PerognathuH flavus auhsp. 



(No. 3. 




Locality. 



522 Paintwl Desert, Ari- 
zona. 



Date. 



Sept. 24, 1889 





jd 


'i 






*•> 


^ 






fee 


o 


■*i« 




p 




1 


Sex. 


Ji 


? 




5 

o 


5 


-§ 




H 


H 


w _ 



cTim..' 126 



Remarks. 



19 i Kear MooDcopio. 



Perognathus fuliginosus sp. nov. Dusky Pocket Mouse. 

The Dusky Pocket Mouse is a dark form of Perognathus flavtia^ in- 
habiting the lava beds. It is modified iu the same manner and for the 
same reason as Onychomys fuliginosuSy and the remarks under the head 
of the latter species apply equally well to the present. An immature 
specimen was captured in the cedar and pifion zone on the black lava 
or ' malpais' northeast of the mountain, October 4. It may be known 
from the following diagnosis : 

PEROGNATHUS FULIGIN0SU8 sp. nov. 

Type 2]^ S im. U. S. National Museum (Department of Agriculture 
collection). From Cedar belt, northeast of San Francisco Mountain, 
altitude 7,000 feet, October 4, 1889. Collected by Vernon Bailey. 
Original number, 559. 

Measuremetits.-^Total length, IIG; tail vertebra?, 58; hind foot, 18 
(taken in flesh by collector) ; ear from crown, 4 (taken from the dry 
skin). 

Charaetcrs. — Similar to Perognathus Jiavm^ but with the upper parts 
uniform sooty brown, faintly tinged with yellowish-brown ; post-auricu- 
lar spots and backs of ears yellowish ; a fulvous lateral stripe, ill-defined 
below, merges into the color of the belly, which is strongly suifused with 
fulvous. In coloration this species is unique in the genus. 

Perognathus (Chcetodipus) peniciUatus Woodhouse. Wood house's Pocket Mouse. 
San Francisc-o Mountain is the type locality of this species, but I did 
not succeed in finding it. Woodhouse, who discovered it when attached 
to the Sitgreaves Expedition, captured his specimen in October, 1851, at 
San Francisco Mountain, but does not state the exact spot. His journal, 
however, shows that it was not fiir from their camp No. 17, which seems 
to have been at Uart Spring at the west base of the mountain. 

Perognathus (Chaetodipus) intermedins Merriaiu. Iu termed iato Pocket Mouse. 
[Skull, j»latc V, fij^s. 5, 6, and 7.] 

Five specimens of this species were collected by Vernon Bailey and 
myself iii the (Irand Canon of the Colorado directly below the tank 
known as *Cafion Spring,' on the Cocanini Plateau, north of San Fran- 
cisco Mountain. They were found living in small colonies among rocks 
and cactus in the Agave zone, which is below the level of the Painted 
Desert. Like other members of the genus they are strietlv nooturual 
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and feeil chiefly on seeds. Two additional specirnens were caught in 
the cliffs of red sandstone at Tanner's Crossing on the Little Colorado 
Eiver iu September. 

The specimens here mentioned differ from the type (which came from 
Mud Spring in northwestern Arizona) in having the rump spines more 
numerous and of larger size. They vary considerably in lengths of 
tail and hind feet, as shown by the following table of measurements. 
One individual in particular (No. ]^ 9 from the Grand Canon) departs 
more than usual from the type and resembles iu some respects P.spiiui' 
tuH. Thus the interparietal might almost be described as broadly pen- 
tagonal, and the posterior border of the parietals is about as long as 
the anterior. The front lower molar, however, is that of intermediusj 
and the evident immaturity of the specimen may account for its pecul- 
iarities. 

Record of specimens collected of Pero^nathus (Chalodipiis) intermedius. 
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m 
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Grand Cafion, Arizona 


Sept 12, 1889 cffuX.. 
do 1 9 ad.. 


23 


do 


23 


do 


....do 9 


22 


do. 


....do .......' cf 


23 




Paintfld TVwrtr, Arizona 


Sept.22.1889; 9 

Sept26,1889 9.... 


23 


do 


21 



Brethizon epizanthus Brandt. Yollow-Haired Porcnpine. 

Porcupines inhabit the spruce belt and the sub-alpine or timber-line 
zone of San Francisco Mountain. No specimens were secured, but nu- 
merous gnawings were observed. Their favorite food-tree is the fox-tail 
pine [Pinus aristata). Hundreds of stunted trees of this species grow- 
ing near timber line show ugly scars where the bark has been eaten. 
The gnawings which 1 examined are on the west side of the mountain. 
Most of them are on the east side (the uphill side) of the trees, and their 
height above the ground varies frofii one to three or four meters. Their 
average size is hardly greater than a man's hand, though some of them 
are much larger. 

During the fall and winter the Porcupines sometimes descend from 
the mountain to lower levels, and on several occasions they have been 
found along the Little Colorado. Sitgreaves and Kennerly mention in- 
stances of this kind, and a cattleman told me of a similar case that fell 
under his observation. Kennerly states that in December, 1856, Porcu- 
pines were common along the Little Colorado, where "they find abounti- 
fnl subsistence in the bark and tender twigs and buds of the young 
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cottoawood trees;" aud Mo]lliau8eii, who was with Keauerly, says in 
his 'Diary/ ''from time to time we saw porcupines, Cercolabes novte, 
lazily climbing the trees." 

Lepus texianus Waterhonse. Jack Rabbit. [Sknll, plate VIL] 

Jack Rabbits are common throughout the upper levels of the Little 
Colorado Desert and in the pinon and cedar belt, and sometimes enter 
the parks of the pine belt. During the intense heat of the day we fre- 
quently started them from their hiding places *under the low branches 
of junipers or in tufts of greasewood. At such times they remain abso- 
lutely motionless, squatting close to the ground with their long ears 
laid flat upon their backs. When in this position their colors harmon- 
ize so well with their surroundings that they are rarely seen until they 
start with a great bound and gallop swiftly away. 

Record of specimens collected of Lejms texianus. 



Locality. Date. j Sex. 



siuiil 435 San Francisco Mount- Sept. 6,1889 9 ad.. 

ain. Arizona. 
{Ill* 503 Paint<?(l Desert, Ari- Sept. 21, 1889 9 ad.. 
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UIH 550 San Franciaco Mount- Sept. 27, 1889 9 ad.. 
ain, Arizona. 
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Lepus arizonae J. A. Allen. Arizoua Cotton-tail; Jack Cottou-tail. 

[Skull, plate VIII.] 

When overtaken by night in the lava beds of the cedar belt east of 
O'Leary peak, and many miles from water, I first made the acquaint- 
ance of the Jack Cottontail, a species which differs strikingly from the 
other American 'Cotton-tails,' in the great length of its ears. Just at 
dusk a family of them came out of their hiding-places in the chaparral 
to feed upon the scattered tufts of bunch-grass which exist even on 
this porous, arid soil. We found them again, and at the same hour, in 
tlie broad strip of pinon and cedars which separates the tall pine forest 
of the San Francisco Mountain Plateiiu from that of the Cocanini Pla- 
teau bordering the Grand Canon of the Colorado. Afterward they 
were found to be tolerably common throughout the pinon and cedar 
zone, and were sometimes encountered in the Desert, where I shot one 
in .the .daytime in one of the small red sand-stone canons of the Little 
Colorado River near the point known as Tanner's Crossing. 

The great length of tlie external ears in this species (^g, 2) is cor- 
rehited with a corresponding increase in the size of the bony parts which 
incase the organs of healing, the audital bulhe being fully double the 
size of those of Lcpns sijIraticHs (see pi. viii, figs. 1 and 3). The tail 
also is much longer thiin in the other *mombers of the .vy/zvif/eM^ group. 
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The flesh of the Arizona Cotton-tail is white and tender, but rather 
dry. 











It is possible that this species may prove to bo the same as Leims 
hachmanij described by Waterbouse iu 1838, from a specimen collected 
by Douglas during bis overland journey from Texcis to California, in 
which case, of course, Waterbouse's name will bave precedence. 



Digitized by VjOOQIC 



78 



NORTH AMERICAN FAUNA. 
Record of specimens collected of Lepus arizoncB. 
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CariacuB macrotlB Say. Black- tailed Deer. 

The Black-tailed Deer is abundant on San Francisco Moantain and 
neighboring peaks and buttes, where it inhabits the boreal zones, com- 
ing down into the pines in fall and winter. A fawn in the spotted coat 
was captured August 5. 

Record of specimen collected of Cariacus macrotis. 
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AntUooapra amerioana Ord. Autelope. 

The Antelope is still common in the San Francisco Mountain region, 
where it ranges from the upper levels of the Little Colorado Desert to 
the upper part of the pine zone. Its center of abundance seems to be 
in the piiion belt. It does not inhabit the Painted Desert proper, nor 
the Douglas tir zone. Small herds, composed of two or three to a dozen 
individuals, were seen frequently in the parks throughout the pine belt, 
and occasionally in the pine forests away from any openings. They 
were seen near Partridge Spring and within a mile of Little Spring. A 
few years ago Antelopes were very abundant throughout this region, 
but they have been killed off by both Indians and white men. The In- 
dians hunt them on horseback among the lava beds just below the piiioQ 
belt, east and northeast of O'Leary Peak. 

Ovis oanadensis Shaw. Moantain Sheep. 

A small herd of Mountain Sheep inhabits the main peak of San Fran- 
cisco Mountain, where I saw eight or nine individuals together on one 
occasion (August 23). They are said' to leave San Francisco Mountain 
in early winter, and to cross over to Kendrick Peak where they remain 
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until spring, the reason being that there is better feed and protection 
on Kendrick than on San Francisco Mountain. The two peaks are 
only 12 miles apart. Sheep are common at the Grand Canon, where I 
surprised a small herd September 14. 

Fells concolor Linoffius. Moantain Lion ; Panther; Congar. 

The Moautain Lion occurs throughout the San Francisco Mountain re- 
gion, bat is not abundant. It is found chiefly inthepinon and pine areas, 
tiiougb it descends at times into the desert. During our stay at the 
Grand Gaiion of the Colorado, about the middle of September, a Mount- 
ain Liou carried oflt' a Deer shot by a sheep-herder and left out over 
night. It is much dreaded by the herders, who lose many sheep and 
lambs from its depredations. 

Two Navajo Indians whom we met at Bed Horse Tank, September 10, 
bad quivers made of skins of the Mountain Lion with the tails left on. 
The tails were much shorter and the color of the pelage darker than in 
the eastern animal. 
Lynx baile3ri sp. nov. Plateau Wild-Cat. 

Wild Cats are common throughout the region, but whether or not 
more than one species is represented is an open question. Their tracks 
were often seen at Little Spring, where they came to drink at night. 
The only specimen secured was an old female which I shot September 
28, in the spruce belt near the upper border of the park that extends 
iar up the mountain above Hart Spring. Although killed as early as 
4 o^clock in the afternoon on a clear day, its stomach was distended 
with small mammals, proving that it sometimes hunts in broad day- 
light. It contained one Red Squirrel or Chickaree {Seiurus fremonti 
mogollonensis)^ one Mountain Chipmunk (Tamias cinereicollis)^ two 
Pocket Gophers {Thomomys fulvus)^ and one Mountain Vole {Arvicola 
aUicolus). 

The Wild Cat of San Francisco Mountain belongs to an undescribed 
species, of which I have specimens from various parts of the great Colo- 
rado Plateau in Colorado, Utah, and Arizona. It may be known from 
the following description : 

LYNX BAILEYI * sp. no^ 
[Sknll, plate XL] 

Type No. ^^ 9 ad. Merriam Collection. Moccasin Spring, Arizona, 
December 28, 1888. Collected by Yernon Bailey. (Original number^ 
466.) ' 

Measurements. — Total length, 745; tail vertebrae, 132; hind foot, 165 
(measured in flesh by collector). Ear from crown, 60 (from dry skin). 

General characters. — Lynx haileyi differs from Lynx rufus of the east- 
ern United States in being uniformly paler above and in having a shorter 
tail and softer fur. The upper parts are everywhere suffused with a 

'Named in honor of my assistant, Mr. Vernon Bailey, who has collected more new 
species of North American mammals than any other person. 
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baff^' tint, and the dark markings are decreased in area or altogether 
suppressed. Thus, the blackish marblings of the face and forehead are 
obsolete, and the black half ring at the tip of the tail is not more than 
half the width of that of L. rufvs. On the other hand, the anterior 
border of the ear is distinctly whitish, in marked contrast to the black 
immediately behind it, while in L, rufus the same border is dark tawny- 
brown. The white hind toes of L. rufvs are absent. 

Cranial chara^cters. — The vault of the cranium is greatly inflated com- 
pared with that of L. rufus j and the constriction behind the supraorbital 
processes is much less pronounced. The distance from the foramen 
magnum to the post-palatal notch equals that from the front of the 
nasals (in median line) to the plane of the supraorbital processes, while 
in L. rufus the former measurement greatly exceeds the latter. The 
tympanic portion of the audital bulla is inflated and projects anteriorly 
slightly beyond the inflated capsular portion, making the bulla as a 
whole wider anteriorly than posteriorly. The reverse is true of L. rufus. 
In Lynx baileyi a distinct sulcus marks the line of attachment of the sep- 
tum which separates the tympanic chamber from the inner chamber. 
This sulcus is not evident in L. rufus except in the young. 

I am indebted to Mr. John H. Sage, of Portland, Connecticut, for the 
loan of two Connecticut specimens of Lynx rufus. One of these is a 
very old male of great size killed at Chester, Connecticut, December 
1, 1887. It measured 959°^ and weighed 14^ kilograms (32^ pounds). 
The other is a half-grown female kitten, killed at the same locality 
December 19, 1887. It measured 658"^ and weighed 4 kilograms (8 
pounds 10 ounces). 

Record of specimen colhctcd of Lynx haileifu 
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Canifl latrans Say. Coyote. 

The Coyote is common in the Sonoran fauna, and is very destructive 
to young lambs and to fruit. Several were seen on the Painted Desert, 
one in the act of feeding on a watermelon at the Moki pueblo of Moen- 
copie. 

In common with most carnivorous mammals the Coyote can not go 
many days without water. Woodhouse states that one was killed with 
a club at a small spring on the desert in western Arizona, where his 
party remained for two days. He says the Coyotes ^' became desper- 
ate, and would come to drink whilst the men and their mules were 
standing there.'' Dr. Kennedy states that specimens of this Wolf col- 
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lected at San Francisco Mountain had softer fur and broader skulls 
than those from the Missouri. (Pacific R. R. Eepts. x, d, 11.) 
PutoriuB sp. ? Weasel. 

Unmistakable signs of a Weasel were found on the snmmit of the 
mountain, just above timber line, but as no specimen was secured the 
species is uncertain. 
MephitiB estor sp. nov. Skuuk. 

This Skunk is common about San Francisco Mountain, where a num- 
ber of specimens were trapped in a ledge of rocks near Little Spring, 
on the line where the pine and Douglas fir zones meet (at an altitude 
of 8,200 feet). The limits of its vertical range were not ascertained, and 
1 am unable to say whether or not it inhabits the Desert proper. 

The North American Skunks are greatly in need of revision, the spe- 
cies being undefined and the synonymy hopelessly involved. I should 
not venture to add a new name to the h*st except for the fact that the 
present species can not be assigned to any already described. It may 
be known from the following description : 

MEPHITIS ESTOK sp. nov. 
[Skull, plate x, tigs. 1, 2, 3, and 4.] 

Type No. ^^ S ad. XJ. S. National Museum (Department of Agri- 
culture collection). From San Francisco Mountain, Arizona, August 
17, 1889. Collected by Vernon Bailey (Original number, 369.) 

Measxirmnents (taken in flesh by collector). — Total length, 640 5 tail 
vertebrae, 256 ; pencil, 140; hind foot, 67. Ear from anterior base, 18; 
from crown, 8 (measured from dry skiu). 

General characters, — Size, small ; tail, short, considerably shorter than 
head and body, and made up of hair of two lengths ; ears, small ; soles 
uaked throughout, though the beel has the appearance of being haired 
because it is overlapped by the long hairs of its sides. 

Cohr. — ^There is the usual white frontal stripe, narrow and barely 
reaching the nuchal patch, which latter begins in a straight line 
stretching completely across from (?ar to ear, occupying the whole oc- 
cipital region and extending* posteriorly in a broad white band, narrow- 
ing slightly over the shoulders and immediately exi)anding so as to 
cover the whole dorsal surface of the i)osterior half of the back and 
rump, inclosing a small, narrow streak of black along the middle of 
the rump (and this is wanting in some specimens, leaving the posterior 
back solid white), and thence i)assiug continuouvsly out over the tail, 
which it covers as a thin veil, allowing the black to show through, and 
projecting 90""" beyond at the tip. The under i)arts are black, with 
irregular white patches on the throat [and breast in other specimens] 
and a white central area in the tail, whi(;h is i)ro(luced by the fact that 
the basal half of each of tlu^ black hairs is wliite. 

Cranial and dental characters. — Conipaiu'd \\\{\i a series of lifty skulls 
501— No. a 6 

Digitized by VjOOQIC 



82 



NORTH AMERICAN FAUNA. 



fN'o.3. 



of Mephitis mephitica from northern New York, that of M. estor is Dar- 
rower, the nasal portion of the face is less abruptly deflected, and the 
'step 'in the under jaw less sharply defined. The second and third 
upper molars are smaller, and the first lower molar larger. The post 
palatal notch is anterior to the plane of the posterior edge of the al- 
veolus of the last molar ; there is no distinct pit between the audital 
bulla and post-glenoid process ; the greatest breadth across mastoids 
is less than the distance from the foramen magnum to post-palatal 
notch ; the greatest breadth across the supraorbital processes exceeds 
the interorbital breadth ; the distance from the foramen lacerum pos- 
ticum to the tip of the mastoid is not greater than the distance between 
canines ; and the distance from the last lower molar to the condyle (in 
median line) is less than the length of the lower molar series. 

In skunks, as usual in the MtistelidWy the sutures disappear so early 
in life that the excellent characters which they afford are lost if adult 
skulls only are studied. Therefore, when seeking distinctive cranial 
characters, it is desirable to compare skulls of immature as well as 
adult animals. 

In a young specimen of Mephitis estor (No. 25486) the basals end in a 
narrow point exactly on the plane of the posterior borders of the max- 
illaries, and equal the parietals in length. The shorter, lateral portion 
of the nasals is less than half the length of the frontals. The basioc- 
cipital is unusually broad and short, its breadth between the carotid * 
foramina equaling its length. In both M, mephitica and M.occidewiali* 
tlie basioccipital is very much narrower. In both of these species, 
also, the audital bullte are larger and less compressed laterally. In M, 
estor the post-palatal notch is truncated anteriorly, ending in a straight 
line ; in M. mephitica it bears a blunt median spine, while in M. occiden- 
talis it is narrowly notched in the median line. The great size of the 
molars in M. occidentalis is strikingly apparent in comparing young 
skulls with those of M. estor skud M. mephitica of approximately the same 
age. 

Mq>hitis estor may be distinguished at a glance from M. ma^croura by 
the shortness of its tail. 



Uecord of npevimens collected of Mephitis VHtor, 
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Spilogale graoilis sp. no v. Little Striped Skuok. 

The Little Striped Skanks are characteristic members of the Sonoran 
fauna, aDd do uot occar at higher altitudes than this fauna or its off- 
slK)ot8 attain. They are rarely found far from water, and most of the 
sfjecies prefer rocky situations, often making their homes in crevices in 
clifis. 

While asleep near a small spring in the Grand Cation of the Colorado, 
September 12, 1889, 1 was awakened at midnight by a sniffling noise 
about my head. Bising suddenly on my elbow, a small animal scam- 
pered hurriedly away over the rocks. His form was only dimly out- 
lined in the dark, but a hasty shot left no doubt as to his identity, and 
a moment later I held in my hand the type of a new species of Little 
Striped Sknnk. A day or two afterward a younger individual was cap- 
tured amoug the cliffs at the top of the Canon. The stomachs of both 
contained remains of the cliff mouse (Besperomys eremicus). The new 
species may be known from the following description : 

SPILOGALE GRACILIS sp. nov. 

Type No. |^ S ad. U. 8. National Museum (Department of Agri- 
culture collection). From Grand Canon of the Colorado (altitude 3,500 
feet), Arizona, north of San Francisco Mountain. September 12, 1889. 
Collected by C. Hart Merriam (Original number 451). 

Measurements (taken in the flesh). — Total length 400 5 tail vertebrae 
142*; hairs 100 ; hind foot 46. 

Qeiaeral characters. — Longer and more slender than the eastern 8. 
pvtariusy with a much longer tail. Frontal white patch much longer 
than broad, and rounded off both above and below ; dorsal and lateral 
markings essentially as in 8. putorius. Terminal part of tail white; 
the white occupying a little more than a third of the upper surface and 
two-thirds of the under surface. 

Cranial and dental characters. — The skull of 8pihgale gracilis differs 
'ndely from that of 8. putorius. It is much flatter; the zygomatic 
arches are broader, and the frontx)-parietal region is depressed to the 
general plane of the top of the cranium. The horizontal ramus of the 
wider jaw is straight, while in 8, putorius it is strongly convex below. 
Thefrontof the upper sectorial tooth between the anterior and inner 
lobes is concave; while in 8. putorius it is straight. 



•The taU of this speciraen has been injured in early life and the terminal portion 
isabwint. The tail vertobrje of a young individual caught at the CaQou measure 

16l>ni 
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Comparative msasuremenls of Spilogale putorius, and $, graciliSy taken in the flesh. 



S. patorioa. 



S. gracilis. 



ITlSScfold I 17»8«cfold. 



Total length . 
Tail vertebrtB 
Tail pencil... 
Hind foot — 



372 
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60 
39 



* Tail iihort ; tip gone. 
Cranial measurements and ratios. 
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RATIOS. 

Ratios to basilar length of Hensel : 

Zygomatic breadth 

Palatal length 
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Height of cranium from palate 
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Breadth across poHtorbital processes 

Breadth of postorbital constriction 

Ratios to palatal length : 

Distance from foramen magnum to postpalatal notch . 

Distance across upper molars 

Ratio of breadth to length of upper molar 
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Tkzidea americana Boddaert. Badger. 

The Badger is a common inhabitant of the Sonoran fauna, but does 
not extend ap into the balsam zone. A single individual was observed 
in the pines about the middle of September. 
Latra hndsonica Lac^p^de. Otter. 

Mr. Bailey found tracks of an Otter along the Colorado River at the 
bottom of the Grand Canon in September. 

Baasaiis'astuta Lichtenstein. Ring-tailed Cat. 

This animal, to which the misleading name ^ American Civet ' has 
been applied, is common in places in the Grand Canon, particularly 
near the mouth of Cataract Canon. It is found also in the canon of the 
Little Oolorado, just below Grand Falls, as I was informed by a man 
who killed one there. 

Unms horribills Ord. Grizzly Bear. 

The Grizzly Bear has been reported by early writers from San Fran- 
cisco Mountain, where both Woodhouse and Kennerly speak of it as 
abundant. Coues and Yarrow state that several were killed on the 
north slope of Bill Williams Mountain ; and Mr. G. K. Gilbert tells me 
that his party killed one on the same mountain October 28, 1871. 

Mollhausen, in his ^ Diary,' says that when he passed Isew Year's 
Spring, at the south foot of Mount Sitgreaves, January 2, 1854, it was 
"covered with thick ice.'' He says further : 

The namoroas footprints of the grey bear which traversed the forest in all di- 
rections, tempted ns to follow them. We examined the forest that lay to the south 
of QB aa weU as that at the foot of Moant Sitgreaves and the neighboring hills, and 
we fonnd dens in such numbers that if they had been tenaut-ed we should have had 
a be*MP to every acre of land. The declivities and ravines of Mount Sitgreaves are, 
it seems, a particularly favorite residence with them, and even Leroux, old trapper 
and hunter as he was, did not remember to have ever mot with si^ns of such num- 
bers living together on so small a space ; but, unfortunately, the whole company had 
emigrated but a few days before our arrival. Probably the freezing of the water 
had occasioned this move, for we found on the ice marks of their having tried to 
break it. They seemed to have made their journey to the south in troops of eight 
or more, and their path was plainly recognisable on the glittering snow. (Vol II, 
pp. 164-165). 

TTrsos americanuB Pallas. Black Bear. 

The Black Bear is common throughout the Boreal zones of the San 
Francisco Mountain region, and is particularly abundant on Kendrick 
Peak and some of the neighboring buttes. It is said to be common also 
in Oak Creek Canon, where the effects of slope-exposure make up for 
the low altitude. 

MAMMALS OF THE SEVERAL ZONES. 

Arctic-Alpine Zone. — The Rocky Mountain Sheep {Ovis canadensis) 

and a species of Weasel ( Ptitorius sp. ?) are the only mammals 

known to inhabit the bare rocky summit of the mountain, and it is prob- 
able that they belong more properly to the subalpine or timber-line 
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zoue. other species occasionally straggle up there; thus a single Say' 
SqmrvQi {Tamias lateralis)^ ^ M.oant'A\n Ohipmuuk (Tamias cinereicoUvf] 
and a Shrew {8orex monticoluH) were found just above timber Hue. 

Boreal Zones (comprising the timber-line, spruce, and Douglas fi 
belts). — The characteristic mammals of these zones are the PQrcupin< 
{Erethizon epixanthm), Black Bear (Ursus americanm), Black-tailec 
heev {Gariacm macrotis), Red Squirrel (Sciunis fremonti mogollonensu) 
Voles (Arvicola mogollonensis and A.alticolu8)^B,ud Shrew {Sorexmonti 
colus). All except the ArvicolaH range from the top of the timber-lim 
zone to the bottom of the Douglas fir zone. Arvicola alticolus inhabits 
the subarctic and Hudsonian (or spruce) zones, while Arvicola tnogollo 
nei\sis does not occur above the parks of the Canadian (or fir) zone. 

In addition to the above-mentioned species, which so far as known 
are restricted to the Boreal Province during the breeding season, sev- 
eral others occur there which inhabit also one or more of the zones 
below. These are t he Mountain Chipmunk ( Tamias cinereicollis) which 
really belongs to the Boreal Province, though it ranges throaghoat the 
upper levels of the pine plateau area; Say's Chipmunk {Tamias later- 
alts) J which extends up from the pines ; Pocket Gopher {Thamomys/ul' 
vus) ; White-footed Mouse (Besperoniys leucopus rufinus) ; Wildcat (Lynx 
baileyi) ; Mountain Lion (Felis concolor), Skunk {Mephitis estor). 

Pine Zone. — In the area next below the fir — the Pine Plateau area- 
there is but one distinctive mammal, and it, singularly enough, is a 
Squirrel— Abert's Squirrel {Sciurus aherti). Though this is the only 
mammal restricted to the Pine area, many others occur there. Say's 
Chipmunk {Tamias lateralis) here finds its center of abundance, though 
in common with the Mountain Chipmunk (T. ci^iereicollis)^ it ranges ap 
through the Boreal zones. The following are common to the Pine and 
Sonoran regions: Antelope, Badger, Coyote, Round-tailed Wood-Rat, 
Rock Spermophile, Spotted Spermophile, and Prairie Dog. The two 
latter are found only in the openings or parks. 

Pinon Zone.— The most characteristic mammal of the pinon belt is the 
Rock Squirrel or Spermophile {Spermophilus grammurus.) The Ante- 
lope also see ms to find its center of abundance in this zone. Another 
characteristic species is the White-tailed Chipmunk (Tamias Icucurus 
cinnamomeus), which comes up from the desert along with the Scorpion 
Mouse (Onychomys fuliginosus)^ Pocket Mouse (Perognathus fuliginosus)j 
and Rabbits (Lepus texianus and Lepus arizonw.) 

Desert Area. — The most characteristic mammals of the desert region 
are Kangaroo Rats (Dipodops) and Pocket Mice (Perognathus)^ both of 
which are long-legged, long-tailed, jumping animals, provided with 
external cheek-pouches, and strictly nocturnal in habits. Other desert 
animals are the Big-eared Mice (Hesperomys eremictis and JJ. megaloti*)^ 
Free-tailed Bats (Nyctinomus)^ and the Pigmy Bat ( Vesperugo hesperus). 
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PART IV.-ANNOTATED LIST OF BIRDS OF THE SAN FRANCISCO 
MOUNTAIN PLATEAU AND THE DESERT OF THE LITTLE COL- 
ORADO RIVER, ARIZONA. 



By Dr. O. Hart Merbiam. 



Colymbus nigricollls califomlcus. Eared Grebe. 

A Grebe, probably of this species, was seen in a small pond in Tan- 
ner's Gulch, a few miles north of Moeiicoi)ie, during the latter part of 
September. Recently it has been recorded from Mormon Lake and " a 
snoiall lake near Flagstaff'' by Dr. E. A. Mearns (Auk. VII, Jan. 1890, 
50.) 

Anas boschas. Mallard. 

A large number of Mallards were seen, and several shot, on a small 
pond in Tanner's Gulch, north of Moencopie, September 23. 

AjiaB americana. Baldpate. 

Recorded by Dr. Mearns as common at Mormon Lake, about 20 miles 
south of San Francisco Mountain. 

Anas dlscors. Blae-winged Teal. 

Six were seen at a small pool in a park in the balsam belt August 30. 
At Hull Spring, September 9, a large flock (fifty or more) was found 
squatting in the mud below the spring, and seven were killed at one 
shot by Vernon Bailey. I killed one and saw several others in a small 
pond north of Moencopie, September 23. 

Spatula clypeata. Shoveller. 

During the evening of September 23, when camped in Tanner's Gulch, 
north of Moencopie, I shot a Great Horned Owl, which had just alighted 
on a rocky pinnacle overlooking the pond, where he had doubtless come 
to feed on coots (Fulica americaim). At the discharge of the gun a flock 
of ducks rose from the pond and circled over our small camp-fire. 
Dimly discerning them in the darkness I fired and a Shoveller fell dead 
at my feet. 
Dafila acuta. Pintail. 

Recorded from Mormon Lake by Dr. Mearns. 
Erismatura rubida. Ruddy Dock. 

Becorded by Dr. Mearns from both Mormon Lake and Duck Lake, 
near Flagstaff. 
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Plegadis guarauna. White-faced Glossy Ibis. 

Breeds abundantly on Mormon Lake, about 20 miles soutb of San 
Francisco Mountain, as I was informed by several persons. Recorded 
also by Dr. Mearns. Woodhouse states that he obtained two speci- 
mens on the Little Colorado. 

BotauruB lentiginosus. American Bittern. 

*' Especially abundant at Mormon Lake, where it finds a most con- 
genial home." — Mearns. 
Nyoticoraz nycticoraz naevius. Black>crowned Night Heron. 

Recorded by Dr. Mearns from Mormon Lake. 

Qms mezicana. Sandhill Crane. 
Eecorded by Dr. Mearns from Mormon Lake. 

Porzana Carolina. Sora. 

Found in the rushes in Tanner's Gulch, a few miles noi:th of Moen- 
copie, during the last week of September. Recorded by Dr. Mearns as 
abundant at Mormon Lake. 

Fullca americana. American Coot. 

Enormously abundant amongst the rushes in a small pond in Tan- 
ner's Gulchj a few miles north of Moencopie. There must have been 
thousands of them in this place at the time of our visit, September 23, 
24. A dozen or more could be killed at a single shot at almost any 
time. Their flesh is excellent. Dr. Mearns records the species as 
breeding abundantly at Mormon Lake. 

Phalaropus lobatus. Northern Phalarope. 

A flock of eight, six of which were killed, was found in a little crater 
lake (' Walker Lake'), August 19, . 
RecurviroBtra americana. American Avocet. 

A flock of about twenty was seen August 13 near the Little Colorado 
River, in a small alkali pool, the result of a heavy shower. No others 
were observed. 

Tringa bairdii. Baird's Sandpiper. 

Five were shot August 27 in a small crater lake (Walker Lake), and 
two more at the same place September 1. 
Tringa minutilla. Least Sandpiper. 

Shot at a small crater lake August 27 and September 1 in company 
with Tringa bairdii and Actitis macularia. 
Ereunetes pusillus. Semipalmated Sandpiper. 

Shot September 1 at Walker Lake. 

TotanuB solitarius. Solitary Sandpiper. 

One was shot August 26 at a* little pool in a park in the balsam belt, 
and another at Walker Lake, September 1. No others were seen. 

ActitiB macularia. Spotted Sandpiper. 

Shot August 27 and September 1 at a small crater lake (Walker 
Lake). 
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iBgialitis vocifera. Killdeer. 

A single iudividual was foand in a park in the pines near FlagKtaff, 
July 28, and a few were seen about the scattered pools in the bed of the 
Little Colorado River, Aagast 13 and 14. One was shot at a small 
crater lake (Walker Lake), August 27. 
Callipepla gambeH Ganibers Pa^trid^. 

Gambel's Partridge does not inhabit the summit of the Great Plateau 
thoagh it reaches its edge from the south and west. It is found a 
short distance west of Bill Williams Mountain, and is common in Cat 
aract Oaiion. The only evidence of its presence in the region of the 
Little Colorado is Mollhausen's statement that ''small partridges hop))ed 
about among the thick shrubs'' bordering this stream when he crossed 
it in December, 1854 (Mollhausen's Diary, II, 1858, 143). 
Dendragapos cbscums. Dasky Grouse. 

Mr. John Swinburne, of Shona Ranch, St. John's, Arizona, visited our 
camp early in September, and climbed San Francisco Mountain Sep- 
tember 3. He informs me that he saw a Dusky Grouse in the spruce 
belt on the mountain. He is perfectly familiar with the species, and I 
think there can be no doubt as to the correctness of the identification. 
Meleagris gallopavo mezicana. Mexican Tnrkey. 

Common. In August they were feeding on gooseberries in the bal- 
sam belt; in September they were feeding on piiion nuts in the cedar 
belt. 

The northward distribution of the Turkey is said to be limited by the 
Grand Canon of the Colorado. This may be due to the greater eleva- 
tion of the Eaibab Platean which is in the Canadian fauna, its prevail- 
ing forest being Douglas fir instead of pine. 
Columba fosoiata. Band-tailed Pigeon. 

There is something remarkable about the occurrence of this species 
in the San Francisco Mountain region. It was recorded as common by 
Woodhouse, who found it in small flocks in Octx)ber, 1851 ; and Dr. 
Mearns states that he found it common about the base of San Francisco 
Mountain in May and June. It was not seen at all by our party. 
Zenaidora macroura. Monrning Dove. 

Common from the Desert of the Little Colorado to the upper limit of 
the pine belt. Every evening they assemble at the springs and wati»r 
holes, coming in greatest numbers just at dark, particularly about the 
borders of the Desert where water is very scarce. On the evening of 
August 20 we camped for the night at a small spring about 5 miles west 
of Grand Falls. At dusk hundreds of Doves came to drink, and con- 
tinued coming until it was so dark that they could not be seen. 
CatharteB aura. Turkey Vulture. 

Tolerably common, particularly about Flagstaff and at the Grand 
Cafion ; seldom seen at San Francisco Mountain. 
Circus hudsonius. Marsh Hawk. 
Several were seen circling about some grass and bushes near a spring 
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at Echo Clitt'8 September 22-24. Oue Wivs seen at Teuebito Wivsli, 
about the middle of August, and another at Black Tank September 20. 
Accipiter veloz. Sharp-shinned Hawk. 

Tolerably common about San Francisco Mountain, and at the Grand 
Caiiou. 
Accipiter cooperi Cooper's Hawk. 

Tolerably common, particularly at the Grand Gafion of the Colorado, 
where tTiey used to watch a water hole, i)erched motionless on a neigh- 
boring pine, and pounce on the birds that came to drink. Shot an old 
i'emale at Little Spring August 4, another August 6 at Kendrick 
Peak, and saw several others about the mountains. 
Accipiter atricapillus. Goshawk. 

Several seen on the mountain. One was shot and another seen in the 
act of drinking at Little Spring, at the lower edge of the Douglas fir 
belt. Dr. Mearns states that he saw an immature Goshawk near timber 
line on San Francisco Mountain, June 7, 1887. 
Buteo borealiB calunis. Western Red-tail. 

A few probably breed, but none were observed until August 6, when 
they suddenly became abundant, remaining so until the latter part of 
September. I have never seen these hawks so unwary. They were 
easily approached either on horseback or afoot, and many were shot in 
the pines. They fed principally on Chipmunks ( Tamias einereicollis and 
Tamias lateralis), and occasionally captured the large Abert's Squirrel 
(Sciurus aberti). 
Buteo lineatus elegans. Red-beUied Hawk. 

A specimen of this H awk was collected on the Little Colorado by Ken- 
nerly and Mollhausen in November, 1853. 
Buteo Bwainsoni. Swainson's Hawk. 

Rare; only two were seen during the season. One of these was shot 
August 30. 
Aquila chrysaetos. Golden Eagle. 

The Golden Eagle breeds on San Francisco Mountain, where it was 
often seen. An adult was shot by Vernon Bailey, August 28, at a 
small pool of very cold water at timber line. Its stomach contained 
the remains of an Abert's Squirrel (Sciurus aberti). On the morning of 
August 7, a little after daylight, I saw two Golden Eagles perched in 
tall pines near Le Boux Spring, watching for Prairie Dogs. They al- 
lowed me to ride under the trees on which they ^were perched. 
Fadco me^dcanus. Prairie Falcon. 

A pair of these Falcons had their nest on a high cliflf in the crater of 
the main peak of San Francisco Mountain, and another pair had posses- 
sion of a similar ledge on Kendrick Peak. Their loud cries may be 
heard a long distance. A specimen of this species was secured by Ken- 
nedy and Mollhausen on the Little Colorado in November, 1853. 
Palco coliimbariua. Pigeon Hawk. 

Mr. F. Stephens writes me that he saw this Hawk at Sai^ Francisco 
Mountain, near Le Roux Spring, about the iniddle of July, 1887. 
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Faloo sparveriuB. 8p»rrow Hawk. 

A^buDdaut throughout the pifioii, piue, aud spruce zones, aud common 
in parts of the Desert where there were bushes for it to i>erch on. 
Feeds principally on insects. 
PaLZidion haliaStus carolinensis. Osprey ; Fish Hawk. 

Seen twice at the Grand Gafion about the middle of September. 
JLtAo wilBonianus. Loog-eared Owl. 

Mr. F. Stephens writes me that he shot a specimen of this species at 
San Francisco Mountain, near Le Bonx Spring, about the middle of 
July, 1887. 
"Igogaaoops flamnieolnB. Flammalated Screech Owl. 

At 3 o'clock in the morning of September 13, while climbing out of 
the Grand Ganou of the Golorado by moonlight, I shot one of these 
Owls. Its stomach contained a scorpion and some beetles and other 
insects. It was an immature female. 
Nyctala acadloa. Saw-whot Owl. 

Dr. Mearns found a nest of this owl near Little Spring and secured 
the female parent. The nest contained one egg and three young, but 
the date is not given. 
Bnbo virginianoa aaturatus. Dasky Groat Homed Owl. 

This dark form of the Great Horned Owl has been heretofore regarded 
as limited in its range to the humid spruce forests of the northwest 
coast region from Oregon to Alaska, aud thence easterly through the 
great northern spruce forests of Ganada to Labrador; but no one seems 
to have suspected its existence in the Eocky Mountains. Gomparison 
of San Francisco Mountain specimens with the U. S. National Museum 
series shows that they pertain to this form and differ widely from either 
B. virginianus of the East, or B. subarcticus of the Plains and arid lands 
of the West. 

This Owl is common in the spruce and balsam belts of San Francisco 
Mountain. A specimen shot at the brink of the Grand Gallon of the 
Golorado differs from the mountain specimens in having considerable 
white on the feet. 

A Great Homed Owl was shot at Tanner's Gulch, near Echo Gliffs, 
on the desert of the Little Golorado, S eptember 23, but was not pre- 
served. 
Speotyto cunioularia hypogsea. Borrowing Owl. 

Found on the higher mesas of the Desert of the Little Golorado, oc- 
cupying deserted burrows of Prairie Dogs (Cynomys gumiisoni), 
Glaucidium gnoma. Pygmy Owl. 

Not obtained by our party. Dr. Mearns records it from San Fran- 
cisco Mountain. 
Oeocoocyz califomianus. Road-rnnner. 

Not observed by our party. Recorde<l by Dr. Kennerly, who states 
that it was "seen occasionally during the winter along the Little Golo- 
rado I^iver." 
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Ceryle alcyon. Belted Kingfisher. 

A single Kiugtisher was seen at Taaner's Gulch, a few miles north of 
Moeiicopie, September 23. 
Dryobates viUosus hyloscopus. Cabanis's Woodpecker. 

Common in the pine belt, 
Picoides amerioanus dorsalis. Alpine Three-toed Woodpecker. 

Common in the spruce and balsam belts. A female was shot hi^h 
up on the mountain August 23, feeding a full-grown young. A. few- 
were killed as low as the upper edge of the pine belt. 
Sphyrapicua varius nuchalia. Red-uaped Sapsncker. 

Occurs during fall migration. First observed September 19, when 
Professor Knowlton shot an adult male near Little Spring. The next 
day, September 20, 1 shot an immature bird in the cedars, and Septem- 
ber 23, saw another at Moa Ave. September 30, Professor Knowlton 
shot another male at Little Spring. No others were seen. 
Sphyrapicua thyroideus. Williamson's Sapsncker. 

Common in the Douglas fir belt and the upper part of the pines ; prob- 
ably breeds in the aspens. Both young and old were shot. Common 
in the pines at the Grand Canon the middle of September, 
Melanerpea torquatus. Lewis's Woodpecker. 

Breeds in the pinon and cedar belt, where it is tolerably common ; 
may breed in the lower part of the pine area also. Rather common at 
Canon Spring on the south side of the Grand Canon, where small flocks 
came to drink every day during our stay, about the middle of Septem- 
ber. Young were shot at Turkey Tanks the middle of August. 
Melanerpea formicivoniB balrdi Califomian Woodpecker. 

Found among the oaks near the Grand Canon of the Colorado. Not 
seen elsewhere. 
Colaptes cafer. Red-shafted Fhcker. 

Common in the pines. 
PhalaenoptiluB nuttalli. Poor-will. 

A colony of Poor-wills inhabited a ledge of rocks at the lower edge 
of the balsam belt, near Little Spring. They began calling just at dusk 
every evening. A young was shot August 1, and several adults after- 
ward. A single Poor- will was seen at Tanner's Crossing on the Little 
Colorado, but whether it was the present form or the Frosted Poor-will 
(Phalwnoptilus nuttalli nitidus) is uncertain. The same doubt pertains 
to specimens from the Moki villages recorded in tUe Report of the Ives 
Expedition. 
Chordeilea virginianus henryi. Western Nighthawk. 

Common about the mountain in summer, and on the Desert of the 
Little Colorado in August ; not seen after the middle of September. 
Mioropus melanoleucua. White-throated Swift. 

Flocks of White-throated Swifts were seen high up on the mountain 
and circling over the higher buttes in August and the early part of 
September. One Wiis seen at the Grand Caiion September 10. 
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Trochlliis platycercua. Broad-tailed Hiimniingbird. 

Very abundaut in the balsam belt and the upper part of the pine 
belt. A nest containing two nearly fledged young was found on the 
limb of a Douglas fir, about four feet from the ground, July 31. The 
principal food plant of this Hummingbird is the beautiful scarlet trum- 
pet flower of Pentstemon barhatits torreyi. During the latter part of Au- 
gust and early September, after it had ceased flowering, these birds 
were most often seen in the beds of the large blue larkspur (i)e(pAtniwju 
»eopulornm). They wake up very early in the morning and go to water 
at daylight no matter how cold the weather is. During the month of 
Aug^ast, and particularly the first half of the month, when the morn- 
ings i^ere often frosty, hundreds of them came to the spring to drink 
and bathe at break of day. They were like a swarm of bees, buzzing 
aboat one's head and darting to and fro in every direction. The air 
was full of them. They would drop down to the water, dip their feet 
and bellies, and rise and shoot away as if propelled by an unseen power. 
Tbey would often dart at the face of an intruder as if bent on piercing 
the eye with their needle-like bill, and then poise for a moment almost 
within reach before turning, when they were again lost in the busy 
throng. Whether this act was prompted by curiosity or resentment I 
was not able to ascertain. Several were seen at the summit of the 
mountain during the latter part of August. They were found also at 
the Grand Canon of the Colorado, September 12-15. They began to 
leave the mountain during the first week in September, and none were 
seen after the middle of the month. 

TrochiluB rufoB. Rnfous Hummingbird. 

Common in the pines, feeding principally on Pentstemon barbatus tor- 
reyi. Earely seen as far up as the balsam belt. A few were usually 
seen among the multitude of Broad- tailed Hummers at Little Spring 
every morning in August, but they were more abundant lower down. 

Dr. Mearns records Trochilus alexandri as "a summer resident in 
the zone of Pinus ponderosa^^ (Auk, July, 1890), but does not mention 
the present species. 
Tyrannus vociferans. Gassings Kingbird. 

Bather scarce. A few pairs breed in the parks In the pine belt, but 
the species is much more common in the cedar bel/. and upper levels of 
the Desert. A few were seen at the Grand Canon (►f the Colorado about 
the middle of September. 

Sayomis saya. Say's Phtcbe. 

Found in the Desert of the Little Colorado and at the Grand Caiion 
in September, frequenting patches of grease wood {Atriplex canescens) 
in the former locality, and sage-brush (Artemisia tridetitata) in the lat 
ter. Also common in the bushes bordering the Little Colorado at Tan- 
ner's Crossing, September 21. 
ContopuB boreaUs. Olive-subMl FJycatclier. 

Common in the balsam belt. Several broods of young were found 
early in August, 
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It is noteworthy that Contopus pertinax, which is corainoii on the Santa 
Cataliua and White Mountains, was not found anywhere in the San 
Francisco Mountain region. 
Contopus riohardsonii. WesterD Wood Pewee. 

Abundant throughout the pines. 
Empidonax difflcilis. Western Flycatcher. 

Common in the pines and in the lower part of the balsam belt. 
Smpidonaz hammondi. Hanimoud's Flycatcher. 

A few specimens were taken during the latter part of August. 
Otocoris alpestiis arenicola. Desert Homed Lark. 

Common in flocks in the parks of the cedar belt, and tolerably common 
in the upper part of the desert, particularly in September. 
Pica pica imdsonica. Magpie. 

Not observed by our party but recorded from the Little Colorado by 
Kennerly, who procured a specimen there December 8, 1853. 
Cyanocitta stelleri macrolopha. Loog-crested Jay. 

Abundant during August in the balsam and pine belts, and in Sep. 
tember found everywhere from timber line to the lower partof the cedar 
belt. 
Apiielocoma woodhoasei. Woodhouse^s Jay. 

Common in the cedars and piiion, where it was seen at Turkey Tanks, 
at a crater east of O'Leary peak, and at the Grand Canon of the Colo- 
rado. It is shy and difi&cnlt to procure. 
Corvus ooraz sinuatna. Raven. 

Common on the Desert of the Little Colorado, but not found about the 
mountain. Seen along the Rio Puerco, the Colorado Chiquito, Tenebito 
Wash, and Moencopie Wash. Found also at the Grand Caiion. A flock 
of about fifty individuals was seen near Hull Spring on a narrow tongue 
of the desert which projects far into the cedar belt between San Fran- 
cisco Mountain and the Grand Caiion. 
CorvuB americanus. Crow. 

Not common. A flock was usually found in the neighborhood of Fort 
Moroni, the headquarters of the cattle ranch. 
Piciconrns columbiauus. Clarke's Nutcracker. 

Breeds commonly in the spruce belt, occasionally descending to the 
pines in summer. In September, when the piiion nuts were ripening, 
it came down from the mountain in flocks and was often seen in the 
piiion belt with the Piiion and Woodhouse's Jays. At the same time 
it was common at the uppermost limit of the dwarf spruce of the sub- 
alpine zone. 
Cyanocephalns cyanocephalus. Pifion Jay. 

Breeds abundantly throughout the pinon belt, of which it is one of the 
most characteristic species. Always seen in flocks ; very noisy. 

Agelaius phuBuiceus. Red- winged B1ack))ird. 

Recorded by Woodhouse, who says of it: " I found them also in the 
San Francisco Mountain, noar the Lagnna Enonuitio." 
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Stumella neglecta. Western Meadowlark. 

A few pairs breed in the parks of tbe lower part of the pine zone. In 
the latter part of September it was tolerably common in the neighbor- 
hood of Moa Ave, near the north end of the Desert of the Little Colo- 
rado, and also between Black Tank and the cedar belt on the west side 
of the desert. None were seen in the desert proper. 

Icterus buUocki BaUock's Oriole. 

Shot BD immature bird in some tall bashes bordering the Little Colo, 
rado at G-rand Falls, August 14. 
Scolecopliagus cyanocephalus. Brewer's Blackbird. 

Tolerably common about Flagstaff, and seen occasionally in the cedar 
belt and in some of the parks in the pine belt. Several were seen in a 
busby place near a spring at the south end of Echo Cliffs, September 
22, aud the species was common in the rushes in Tanner's Gulch, north 
of Moencopie, the last week in September. 
Coccothranstes vespertina. Evening Grosbeak. 

Breeds in the spruce. An adult female was killed at Le Roux Spring, 
July 29. The skin of her belly was thick and gelatinous, showing that 
she had only recently l^ft the nest. Another was seen near Le Koux 
Spring, August 7, and an adult male was seen at Little Spring Septem- 
ber 7. 
Carpodacns mezioanas frontalis. House Finch . 

Occasionally seen in small flocks in the pines. When camped at the 
Grand Canon of the Colorado during the middle of September, small 
flocks of this species came to a pool to drink every day. 
lK>xia onrviroBtra stricklandl. Mexican CrossbiU. 

Tolerably common in the balsam belt, coming down into the pines in 
the latter part of summer. They may breed in the pines in early spring 
when the mountain is covered with snow. During our stay at the Grand 
Canon, about the middle of September, they used to come every day to 
a small pool to drink. 

Bpinos psaltria. Arkansas Goldfinch. 

Not common ; a few were seen from time to time in the pines and at 
the Grand Caiion. 
Spiims psaltria arisonse. Arizona Goldfinch. 

A few were seen at Flagstaff in September. 
SpinuB pinus. Pine Siskin. 

Common in the balsam belt, where it breeds ; common in the pines 
daring the latter part of summer. 
PoocaBtes gramineoa confinis. Western Vesper Sparrow. 

Common in the parks in the pine belt and thence down to the upper 
levels of the desert. Common at the Grand Cafiou September 10-16. 
Several were seen along the upper part of Moencopie Wash during the 
latter part of September. 

Ammodramus sandwichensis alaudinus. Westt rn Savanna Sparrow. 
Pound near Echo (Miffs hvte in SoptemlMT. Not noted elsewhere. 
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Chondestea gframmacus Btrigatus. Western Lark Sparrow. 

Common in the open parks iu the cedar belt and occasionally fouud 
ill the parks in the pines. 

Zonotrichia leuoophrys. White-crowned Sparrow. 

Shot at the Grand Ga&on the middle of September. First shot at the 
mountain September 19 ; afterwards tolerably common. 

Zonotriohia intermedia. Intermediate Sparrow. 

Common daring migration. The first was shot in the pine belt, near 
Little Spring, August 31 ; afterward it was tolerable common until the 
end of September. 
Spisella socialis arizonse. Western Chipping Sparrow. 

Abundant throughout the pines and cedars. 
Spisella monticola. Tree Sparrow. 

This species is a winter visitant from the far north and had not 
arrived at the time of my departure. Dr. Kennedy found it in Decem- 
ber on the Little Colorado, '^ feeding upon the seeds of the grapes 
and weeds that grow along the valley." 
SpizeUa bre'^eri Brewer's Sparrow. 

Common on the Desert of the Little Colorado in summer, and found 
also in the cedar belt in early autumn. This species and Amphispiza 
hilineata were almost the only birds fouud on the Painted De«ert proper 
in August. 
Junco hyemalis oregonus. Oregon Jnnco. 

A fall migrant, not seen until September 22, after which a few Vere 
seen. 
Junco oaniceps. Gray-headed Janco. 

Woodhouse described Junco oaniceps in 1852 from several specimens 
taken at different localities as wide apart as Mexico, Texas, and San 
Francisco Mountain. The bird from the latter locality is an immature 
female in fall plumage (collected October 14, 1851). It is not the same 
species as the males described on the same page. The latter come first 
in the description and I believe them to be Junco cinereus Swaiuson or 
Junco cinereus palliatus Ridgway. 
Jnnco cinereus dorsalis. Red backed Janco. 

Breeds abundantly throughout the upper levels of the pine plateau 
region and in the balsam and spruce belts. At San Francisco Mount- 
ain in summer it is the commonest species of bird after Sitta pygtnwa^ 
and it was still abundant when we left the mountain, October 1. Spotted 
young were taken throughout August. 
Amphispiza bilineata. Black-throated Desert Spam)w. 

Tolerably common on the Desert of the Little Colorado; not seen 
elsewhere. 
Amphispiza beUi nevadensis. Sage Sparrow. 

A spotteii young was shot on the edge of a field near Flagstaff July 
28. Others were seen along the Desert of the Little Colorado and at 
the (ilrand Canon. It probably spends the whole year ou the desert, 
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for Dr. Kennerly states that he found it <^ in the month of December 

along the Little Colorado Biver. wherever the weeds and bashes were 

thick.^ 

Pencsea mfioeps bouoardi Boneard's Sparrow. 

Common in the Grand Canon, where several were shot ; found also 
on the Desert of the Little Colorado. 
Melospiza Dasoiata fallax. Desert Song Sparrow. 

This sabspecies was shot at the Qrand Canon of the Colorado and 
along EiOho Clififo, near Moencopie. 
Melospiza fiaaciata montana. Mountain Song Sparrow. 

Two specimens of this subspecies were shot at Little Spring Sep- 
tember 6, and another September 27. Others were seen near the same 
locality during the latter part of August. 
Melospisa linoolni. Lincoln's Sparrow. 

Tolerably common in weeds in the pine belt early in September; first 
shot September 7. Two were shot and others seen at the Qrand Cafion 
about the middle of September. 
Paiserella iliaoa sohlataoea. Slate-o^ored Sparrow. 

Dr. Leonhard Stejneger shot one at the north foot of San Francisco 
Mountain September 29. No others were seen. 
Pipilo maoulatuB megalonjrz f Sparred Towhee. 

Several were seen in the scrub-oak at the Grand Caiion of the Col- 
orado about the middle of September. 

Pipilo ohlomms. Oreen-tailed Towhee. 

Common in the pines during migration, and also in the bushes along 
the Little Colorado. It probably breeds near the mountain, where an 
immature bird was shot in the pines August 5. 

This 8x>ecie8 was very abundant at the Grand CafLon of the Colorado 
daring the middle of September, and its habit of searching for food on 
the ground led to the death of several individuals which got into our 
traps set for Mice and other small mammals. It was seen at Echo 
Cliffs late in September. 
Habia melanocephala. Black-headed Grosbeak. 

Several were shot in the pines. It was rather common at the Grand 
Cafion of the Colorado about the middle of September. 
Piranga ladoviciana. Loaisiana Tanager. 

Breeds commonly in the balsam belt, where both young and old were 
taken in early August. They were in the habit of coming to Little 
Spring to drink every morning during the early part of our stay. A 
young of the year was shot in the Grand Caiion, September 13. 
Piranga hepatica. Hepatic Tanager. 

Probably breeds in the lower levels of the pine belt east of O'Leary 

Peak, where an adult male was shot and others seen September 4 and 

5. An immature male was shot in the pines near Little Spring August 

31, and an adult female September 7. 

The first specimen of the Hepatic Tanager secured within the United 
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States was killed at Saa Fraacisco Moautain by Dr. 8. W. 'Woodhoose, 

naturalist of the Sitgreaves Expedition, in October, 1851. Dr. O. B. R. 

Eennerly states that he saw it at San Francisco Mountain in December, 

1853. 

Prog^ne subis. Martin. 

Dr. Mearns records this species as common in the pine plateau region. 
We did not find it. 
PetrocheUdon lunlfrons. Cliff Swallow. 

Several were seen at Qrand Falls, on the Little Colorado, Aagust 14, 
and a number of deserted nests were found on the sandstone cliAs on 
the east bank of the river. Not seen elsewhere. 
CheUdon er3rthrogaflter. Baru Swallow. 

Several were seen at Tanner's Gulch, north of Moencopie, September 
24. 
Tachycineta thalaaalna. Violet-green Swallow. 

Common, particularly in the parks of the pine plateau. 
AmpeUs oedromm. Cedar Wazwing. 

One was shot, and several were seen *at different times near a pool on 
the edge of the Grand OaiiOQ about the middle of September. 
LaniuB ludovicianus excubitoridea. White-ramped Shrike. 

Common on the greasewood plains of the desert of the Little Colorado. 
Two were seen in the sage-brush and chaparral at the Grand CaOou, 
and one in a park in the pine belt 

Vireo gilvas swainaoni. Western Warbling Vireo. 

Common in the pines. 
Vireo aolitarioa caaainii. Casein's Vireo. 

Common in the pines during fall migration ; first shot August 21. 
Two were shot at the Grand Canon the middle of September. 
Vireo aolitariua plumbeua. Plumbeous Vireo. 

Tolerably common 5 first shot August 31. Mr. F. Stephens writes 
me that he shot a specimen of this species and saw others near Le 
Roux Spring about the middle of July, 1887. 
Vireo vicinior. Gray Vireo. 

This species was not found except at the Grand Canon of the Colorado, 
where a male was shot in a pifion September 14. 
Helminthophila Virginian. Virginia's Warbler. 

Specimens were shot in the pines July 28 and August 17. 
Helminthophila ruficapilla gutturalia. Calaveras Warbler. 

Abundant during the latter pare of August, particularly in the as- 
pens; found also as high up on the mountain as the timber-line zone. 
Helminthophila celata luteacens. Lutescent Warbler. 

A few were shot from August 29 to September 18, mostly in the ta/1 
pines and aspens. 
Dendroioa asativa. Yellow Warbler. 

Shot near Little Spring August 12, August 29, and September 3. 
Tolerably common in the cottonwoods along the Little Colorado Biver 
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in Aag^Qst. Several were seen in a patch of reeds along Tenebito Wash 
in the desert, far from any trees, Angnst 17 } and in a thicket of bnshes 
near a spring at the foot of Echo Oliffs late in September. 
Dendroica andnbonl Andnbon's Warbler. 

Breeds abundantly in the balsam belt; common in migration through- 
out the timber-covered portions of the region. 

Dendroica graoise. Grace'H Warbler. 

First shot at the mountain August 12, and in the cedar belt August 
13 ; afterward a few were taken in the pines ; not seen after the last 
week in Angnst. 

Dendroica nisresoena Black-throated Gray Warbler. 

First shot August 12 in the pines ; common until the middle of Sep- 
tember. Found on the mountain as high as timber line, and also at 
the G-rand Oanon of the Colorado. 

Dendroica townsendl Xownsend's Warbler. 

Fin$t shot on the mountain August 21 ; became common about 
August 28, and disappeared early in September. Found from the pines 
to the upper part of the timber line zone. Shot at the Grand Oanon 
September 14. 

Dendroica oocidentalis. Hermit Warbler. 

Common during fall migration, particularly from August 23 to Sep- 
tember 1 in the timber-line zone. A few were killed as low down as 
the f^ines. 

Oeothlypls maogiUivrayi. Macgillivray's Warbler. 

One was seen at the base of Mount Kendrick August 6, and a female 
was shot near Little Spring August 14. Ko others were observed until 
August 22, when the species was tglerably common for a few days in 
some undergrowth along the edge of one of the parks in the pine belt. 
Three were shot and others seen in the Grand Canon September 12 
and 13. 

Oeothlypls trichaa ocddentalls. Western Yellow-throat. 

One was shot and several seen in some thick weeds in the pine belt 
August 31, and others were shot in the Grand Canon of the Colorado 
September 12 and 14. 

Sylvania puaiUa. Wilson's Warbler. 

Abundant on the mountain during migration ; first taken August 14; 
Boon became abundant, outnumbering ail the other Warblers : became 
scarce about the end of August; last seen early in September. 

Anthua penailvanicus. American Pipit ; Titlark. 

Probably breeds iu the neighborhood of timber line on San Francisco 
Mountain, where it was shot by Mr. Bailey August 23. During migra- 
tion it was seen at other places, and came to water at the little crater 
lake called Walker Lake, September 18, 22, and 25. Several were seen 
at Moa Ave, near the south end of Echo Cliffs, the last week in Septem- 
ber. 
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Oroscoptes mon^anQ8. Sage Thrasher. 

Occurs sparingly on the Desert of the Little Colorado ; hardly more 
than half a dozen individuals were seen altogether. 
MimuB polyglottoB. MockiDgbird. 

Common at Grand Falls, on the Little Colorado. 
HarporhynchuB ap.— T 

Two Thrashers were seen In the upper part of the Desert of the 
Little Colorado about the middle of August, but they were so shy that 
I was unable to approach within shooting distance, and consequently 
could not determine the species. 
Balpinctea obsoletus. Rock Wren. 

Common about rocky exposures everywhere from the Desert of the 
Little Colorado up to the top of San Francisco Mountain, and also at 
the Grand Caiion of the Colorado. 
Catherpes mexicanus consperBus. Ca&on Wren. 

Tolerably common in the Grand Canon and in the Canon of the Little 
Colorado, where its marvelous song echoes and re echoes until the 
towering cliffs fairly ring. One was shot on a ledge on the north side 
of San Francisco Mountain August 22, and several were seen among 
the lava rocks on the west side of the desert September 21 and 26. 
Troglodytes aedon aztecua. Western Hoase Wren. 

Tolerably common about the bottom of the Douglas fir belt in sum- 
mer. Common in bushes bordering the Little Colorado during the lat- 
ter part of September. 
Cistothorua palustris. LoDg-billed Marsh Wren. 

Common in the tall rushes in Tanner's pond, a few miles north of 
Moeucopie. 
Certhia familiarlB montana. Rocky Moan tain Creeper. 

Tolerably common in the Douglas fir belt and the upper part of the 
pine belt. 
Bitta carolinensiB aculeata. Slender-billed Natbatcb. 

Tolerably common in the tall pines and balsams; found also at the 
Grand Caiion during the middle of September. 
Sitta oanadensis. Red-bellied Niitbatcb. 

Recorded by Dr. Mearns from San Francisco Mountain ; not secured 
by us. 

Sitta pygmaBa. Pygmy Natbatcb. 

The most abundant and characteristic bird of the pine belt, to which 
it is probably restricted during the breeding season. In the fall it 
ranges up through the Douglas fir zone. It commonly moves in small 
flocks, and is one of the most familiar and atfectionate of birds. 

ParuB inomatuB griaeuB. Gray Titmonse. 

Breeds commonly in the pinon belt, to which it seems to be restricted 
and in which it was encountered at various points from Turkey Tanks 
to the Grand Canon. 
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Parus g;ambeli. Moantain Chickadee. 

Breeds abundantly in the spruce and fir zones, and is tolerably com- 
mon in the pines during the latter part of August and September. 
Psaltripams plumbens. Lead-colored Bash-tit. 

Tolerably common in the pinon belt ; not seen elsewhere. 

This species was described by Baird from specimens collected along 
the Little Colorado by Kennerly and MoUhausen in November, 1853. Dr. 
Kenuerly states that it was found in large flocks among the scattered 
bashes along the river. 

Regnltui satrapa. Golden-crowned Kinglet. 

Not observed by us, but recorded by Woodhouse from San Francisco 
Monntain, where he found it in October, 1851, associated with U, calen- 
dula and Parus gambeli. 
RegnloB calendula. Raby-crowned Kinglet. 

Common on the mountain, where it breeds in the spruce belt. It was 
tolerably common at the Grand Caiion the middle of September. 
PoUoptila caBmlea. Blae-gray Qnatcatcher. 

Oommon in the cedar belt and at the Grand Gafion of the Colorado. 
Two were seen in the greasewood along Moencopie Wash, late in Sep- 
tember. 
Myadestes townsendil Townsend's Solitaire. 

Breeds in the Boreal zones of San Francisco Mountain and Kendrick 
Peak. A spotted young was shot on Kendrick Peak, August 25. Dur- 
ing migration it was seen as low as the cedar belt (September 16). 
Tardus aonalaachkae audubonl Aadubon's Hermit Thrash. 

Breeds abundantly throughout the spruce and Douglas fir zones. 
Spotted young were shot August 1. 
Memla migratoria propinqua. Western Robin. 

Occasionally seen in the pines and along the lower part of the fir belt. 
A few were seen at Grand Falls on the Little Colorado the middle of 
August, and it was tolerably common at the Grand Canon of the Colo- 
rado the middle of September. 
Sialia mejdoana. Western Blnebird. 

Breeds abundantly in the pines, and was common in the cedars and 
pinon in early autumn. 
Sialia arctica. Mountain Blnebird. 

Breeds sparingly; rare until September 5, when it suddenly became 
abundant; afterward seen at frequent intervals until the end of the 
month, principally in the cedars. 
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PART V.-ANNOTATED LIST OF REPTILES AND BATRACHIANS COL- 
LECTED BY DR. C. HART MERRIAM AND VERNON BAILEY ON THE 
SAN FRANCISCO MOUNTAIN PLATEAU AND DESERT OF THE LITTLE 
COLORADO, ARIZONA, WITH DESCRIPTIONS OF NEW SPECIES. 



By Leonhabd Stejnegeb. 



A.— REPTILIA. 

Grotaphytas baileyi sp. nov. Plate xii, tig. 1. 

Diagnosis, — Similar to 0. collaris iu coloration, bat with at least two 
rows of iuterorbital scutellse ; sapraocnlars smaller ; head narrower, 
and snout longer. 

Habitat — Western New Mexico, Arizona, Utah, Nevada, and northern 
Mexico. 

Type. — U. S. National Museum No. 16821 ; Painted Desert, Little 
Colorado River, Arizona ; September 26, 1889 ; Dr. O. Hart Merriam 
and V. Bailey, coll. 
Synonymy. — Crotaphytus collaris Auct. part nee Say. 

Orotaphyius collaris var. Bocourt, Miss. Scientif. Mexique, 
Zool., Kept., 3 livr., p. 155, pi. xvii his^ figs. 6, iSa (1874). 
Bocourt seems to have been the first to notice the difference iu the 
BCQtellation and proportions of the heads of the typical Crotaphytus col- 
laris and the form here named C, haileyiy but owing to the fact that he 
only possessed a single specimen of tbe latter, with somewhat uncer- 
tain locality ("Mexico'') he failed to recognize the lull significance of 
the characters he so admirably describes and figures. The general 
similarity in the very strikiug coloration which iu both forms is equally 
variable seems to have overshadowed the structural distinction be- 
tween them. 

The tyi)e of Say's Agama collaris came from the Verdigris River, near 
its junction with the Neosho River, Creek Nation, Indian Territory. I 
have therefore selected a specimen collected at the Verdigris River (U. 
S. National Museum, No. 9368) for comparison and illustration as typi- 
cal of the species. (See pi. xii, fig. 2.) 

The differences between the two forms are so well expressed in the 
figures accompanying this paper that a detailed description is quite un- 
necessary. Suffice it to say that I have found these characters to hold 
good in a collection of over seventy specimens from nearly thirty dif- 
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ferent localities in the West, due consideration being given to individ- 
ual variation. 

If we plot on a map the exact localities from which we have nn- 
doubted specimens (see map, pi. xiii) we shall find that our specimens 
of C. collaris hail from Kansas, Indian Territory, Arkansas, Texas, aod 
eastern New Mexico, while specimens of 0. baileyi^ with definite locali- 
ties, are at home in the western portion of the latter territory, in Arizona, 
Nevada, and northern Mexico. It will be seen that the two forms come 
very close together in New Mexico, but they belong to two difTerent 
drainage systems, at least in the northern portion of the territory, and 
I do not believe that both will be found anywhere in the same locality. 

There can consequently be no doubt that both forms are subspecies 
of the same species, but whether the form now named for the first 
time should receive a trinominal appellation or not is quite another 
thing, depending, according to the code of zoological nomenclatore 
adoi)ted by the American Ornithologists' Union,* which I adhere to in 
all my writings, upon the question whether the two forms are " now 
known to intergrade" or not. 

In the collection before me there are a few specimens which present 
features which at first sight might seem to indicate intergradation. 
Thus No. 2725, collected by Dr. Kennerly " between Los Angeles and 
Rio Grande," and one of the specimens of No. 4968, Pecos River, 
Texas, Captain Pope, are quite alike as far as the interorbital soutella- 
tiou is concerned, and neither are typical in this 'respect, inasmach as 
both have a large interorbital, with a minute scale on the edge of it 
instead of either a large single one, or two smaller of equal size; but a 
comparison of the two specimens shows at once that the first mentioned 
one with the elongated snout belongs to 0. baileyi, while the latter does 
not materially differ from the two typical 0. collaris in the same bottle. 

A specimen of No. 2715 is in every way similar to Dr. Kennerly's 
O.^ait^j^i just referred to; two others in the same bottle seem to be 
typical of this form, while the remaining two are typical C. collaris. 
These specimens were collected by Mollhausen, under Lieutenant Whip- 
ple, ^^near Canadian," but it is quite significiint that he crossed from 
the Canadian River into the territory exclusively inhabited by onrnew 
form, consequently across the boundary between the two. 

It is quite possible that intergradation takes place, especially in 
southern New Mexico east of the Rio Grande, but until the f^t shall 
have been proved conclusively I refuse to 'adopt a clumsy trinominal. 

So far I have been unable to establish any diflference in color between 
the two forms, though at one time I thought that G. baileyi had a better 
developed black collar usually connected on the neck, but the excep- 
tions are too many to make this tendency available as a character. 

•Canon xi, The Code of Nomenclatnre, etc., adopted by the American Ornitholo- 
gistB' Union. New York, 1886. 
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Daring the second trip across the Painted Desert (September 21 to 
26), I>r. Merriam collected seven specimens (Nos. 16821 to 15827) of 
various sizes near the Little Colorado River. Several of them were 
qaite fresh when brought to camp, and I had the opportunity to make 
a color sketch and the following description from a young individual 
(No. 15824), the color designations referring to Bidgway's " Nomen- 
clatare : ^ 

Hea43 above pale sepia, inclining to clay color ; anterior portion of 
upper neck in front of the first black collar pale blue, with several lon- 
gitadinal marks of ^ coral red;' space between the two black collars 
pale • oil green,' with a narrow transverse collar of coral red 5 ground 
color of back dull oil green, fading posteriorly on hind legs and tail to 
a grayish <pea green,' the back densely covered with rather large dark 
grayish olive blotches, which ouly allow the ground color to show 
throngh as a fine reticulation ; the second black collar bordered poste- 
riorly with a wide line of * lemon-yellow,' the back being crossed by 
five similar lines, fading posteriorly and more or less alternating on the 
lateral halves of the body; tail with transverse bars of dark grayish 
brown 5 fore legs above ' apple green,' nearly yellow on the hand and 
faintly barred with the latter color ; under surface pale greenish -white, 
palms slightly pinkish, tail nearly white. Tongue deep pink; pharynx 
blackish carmine; palate ultramarine blue. Iris brassy greenish-yel- 
low. 

Crotaphytus wislizenil B. & G. 

The only specimen was collected near the Great Palls of Little Colo- 
rado River, August 18 (U. S. ll^at. Mus., I^o. 15820.) It is a full-grown 
female of the typical form.* 

•A comparison of Dr. Merriam's specimen with the material in the National Mu- 
seam, more than seventy specimens, led to the discovery that those of the Pacific 
province from central California northwards belong to a separate form which I pro- 
pose to characterize as 
Crotaphytas silus sp. nov. 

/>ia^n. —Similar to C. wUlizemif bnt with the snont mnch shorter and more trnn- 
cate in profile ; greatest width of head equal to or greater than distance from nos- 
tril to ear opening; distance between nostril and inner anterior orbital angle consid- 
erably less than vertical diameter of ear opening. 

iJa&.— San Joaquin Valley, California, to the State of Washington. 

Type,'-~X5, S. National Museum No. 11790 A; Fresno, Cal.; Gnstav Eisen, coll. 

This form is not C. gambeli B. & G., the type of which (U. 8. Nat. Mus., No. 2722) 
is before me, showing all the typical features of C. wisUzenii. As stated in the 
original description (Proc. Phila. Acad., VI, 1852-^53, p. 126) the exact locality of 6am- 
bel's specimens is not known, but as they were collected by him during his trip to 
California it has been surmised that they were from the latter State. Though this 
is by no means certain, it is quite possible, for I suspect that the form occurring in 
the desert region of southern California will be found to agree with that of Arizona 
and New Mexico, i. e. the true C ioislizenii. Nor is it the same as C. copeii Yarrow, 
from which the new form differs ill the same manner as it does from C. ioislieenii. 
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Uta BtcmBburlana B. & O. 

Three specimens in excellent condition (IT. S. Nat Mas., Nos. 15842- 
15844) were collected in the Painted Desert, near the Little Colorado 
Eiver, September 21. These are in every way typical. 

Four yoang specimens (Nos. 16845-15848) were secured in the Grand 
Canon of the Colorado on September 12, about 500 feet above the bot- 
tom. These seem to have longer arms than typical examples, resem- 
bling in that respect U. palmeri^* but owing to their bad state of pres- 
ervation it is impossible to come to any conclusion, though it is certain 
that they do not belong to the latter form. I made the following^ notes 
on their color while yet tolerably fresh : 

Nos. 15846 and 15847 : Above coppery drab with three long^todinal 
series of indistinct brown spots along the back, which is speckled all 
over with numerous bluish white dots one to three scales larg^e } tail 
somewhat grayer with faint cross-bars of a slightly darker color, and a 
longitudinal dusky spot along the median line of each of the darker 
cross bars on the anterior half of the tail; legs with fiaint dusky cross- 
bars ; head more rusty on the crown inclining to greenish bronze oti 
supraorbitals and the region between them ; snout, dusky ; under side 
whitish* flanks inclining to greenish; chin and throat sky blue with 
faint dusky marblings. No. 15845 is similar, but with fewer light 
specks on the back, and with numerous dusky dots particularly notice- 
able on the upper neck; whole head uniform coppery drab; cross-bars 
on tail more distinct; chin and throat whitish, slightly suffused with 

I Lave C. sUuh fruui the following localities : 



IT. S. Nat. 
Mu8.No. 



11790 

11767 

0581 

12771 



Locality. 



Fresno, Cal 

do 

Fort Tctjon, Oil 

De« Chutes River, Oregon. 



Collector. 



G.Eisen 

.... do 

W. M. Gabb 

Capta n P^ndire 



Kg. of 
speoiment. 



* U. palmerl sp. nov. 

/>ia^M.— Similar to typical CF. iiansburiana and with the same dorsal lepidosis, the 
scales beiug small, tabercalate, and not carinated for their entire length, bat maeh 
larger and with longer fore legs, the tips of which, when adpressed, reach to or beyond 
the insertion of the thigh ; scales on edge of collar mnch smaller; large prefrontals 
abont twice as large as the largest sapraocalars ; namber of femoral pores abont 17 ; 
abont 30 dorsals in a head length ; color (in alcohol) above uniform bluish drab, 
with numerous small whitish dots, two to three scales large, sprinkled over the body, 
and no dusky markings whatever ; dark blue blotch behind axilla present, though 
rather indistinct. 

Hah, — San Pietro Martir Island, Qulf of California. 

TVpe.— U.S. National Museum, No. 16002; Dr. Edw. Palmer, coU. 

Dim^nttoiM of largest specimen ($): Total length (t^il reproduced) 158"*™; head 
15™", width of head 14*"™ ; snout to posterior gular fold 25"»n» ; gular fold to vent 
48°"«; fore limb 33°>'»; hind limb 52°»°». 
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bluish and marbled with purplish gray ; upper and lower mandibles 
suffused with ^salmon color.' 

Uta omata B. <& G. 

After a careful examination of the material at hand I have come to 
the conclusion that there exists a well-marked difference between Uta 
omata of Baird and Oirard and U, symmetrica. 

This difference, however, is not the one which would suggest itself 
upon a comparison of the original descriptions (for instance, as con- 
trasted by Boulenger, Gat. Liz. Br. Mus.,II, pp. 210-211, and quite 
natorally so) inasmuch as both forms have the median dorsal series 
much smaller than those immediately adjoining it on both sides. Judg- 
ing from the original description of U. omata one would imagine the dor- 
sal lepidosis to be similar to that of U. gracioaa (Hallowell), but I have 
Baird and Girard's types before me (IT. S. Nat. Mus., No. 2760,* Rio 
San Pedro, Texas, J. H. Clark, coll.), which show conclusively that 
both forms in this respect are essentially on the same plan. That the 
original describers failed to point out this character was undoubtedly 
due to the fact that at that time they had only to compare their new 
species with U. stansburiatM from which the characters given were quite 
sufficient to separate it 

The chief difference between the two forms seems to be one of proportions 
U. ^ymmetrioaheing more slender and elongated, with much longer hind 
limbs, particularly tibise and toes. The males in both forms are slen- 
derer than the females, but the difference is well marked if specimens 
of the corresponding sex are compared. As a rule the difference may« 
be expressed thus : In U. omata the hind leg is shorter than distance 
from posterior gular fold to vent; while in U. symmetrica the hind leg 
equals or exceeds the same distance. 

Though arranged on the same plan with a series of smaller dorsals 
in the middle, there is, nevertheless, a well marked distinction between 
the dorsal lepidosis of the two forms ; for in U. symmetrica the differ- 
ence between the two kinds of rows is greater, and their arrangement 
more symmetrical and orderly, the keels of the larger ones forming four 
nearly continuous parallel lines, while in U. omata the rows are not so 
perfect, the outer one being often very irregular, both in size and number, 
more or less interrupted, or in some places divided into two smaller 
rows. In one of the types, the male, there can hardly be said to be 
more than one row of large scales on each side of the smaller middle 
one. 

17. omata and U. symmetrica seem to affect different altitudes, the 
latter occurring in the lower arid and desert regions, while the former 
18 found chiefly in the cedar beltt and above. 

* In the Mex. Boand. Sarv. Rept., p. 7, the number is erroneoasly given as 2700, 
which belongs to a Crotaphytua, 

t The horizontal distribution of U, omata is as yet uncertain. In addition to the 
San Francisco Monntain specimens I have seen others collected near Fort Whipple, 
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Dr. Merriain collected one specimen (No. 15S41) of typical Z7. ornata 
in the cedar belt of San Francisco Mountain (altitude about 6,800 feet) 
on September 5. There are two more specimens in the National Masenm 
from the same mountadn (No. 4275) collected by H. B. Mollhansen, under 
Lieutenant Ives. 

Uta symmetrioa Baird. 

As already pointed out under the foregoing species, this one is quite 
distinct from U. ornata^ and in its distribution is a lowlaud and desert 
form. Professor Baird's type (No. 2700) from Port Yuma, seems to be 
lost, but I have an excellent series of sixteen specimens (No. 2744) from 
the same locality, ample material for establishing the characters of the 
species. The three specimens (Nos. 15838-15840) all males, collected 
by Mr. Bailey near the bottom of the Great Canon of the Colorado Biver, 
altitude about 2,500 feet, agree very well with these and are undoubt- 
edly true Uta symmetrica as distinguished from U. ornata. 

Two of the specimens were in good condition when brought into camp, 
and afforded me an opportunity to make the following notes on the 
fresh, colors : 

No. 15838. Ground color above grayishdrab, more pinkish on tail 
and along the middle line, with a series of eight ^ herring-bone ' cross- 
bars of dusky, growing pale posteriorly and including a light spot on the 

Arizona (Dr. Cones, No. 11831, seven specimens ; Captain Carpenter, No. 15693). I re- 
ler to this form with some doubt a specimen (U. S. Nat. Mns., No. 15729) which I col- 
fected last year on the rim of Walnut Cafion near Flagstaff, Arizona (aboat 7,000 feet 
. altitude). It is very peculiar in having the scales bordering the posterior gnlar fold 
considerably larger than any Uta I have seen, but as it agrees in proportions with 
Uta ornata from the same altitude and neighborhood, I refuse to regard it otherwise 
than an individual variation until other specimens shall have been obtained. 

Two specimens from a widely distant locality, however, agreeing completely among 
themselves and differing from all the rest before me, though evidently belonging to 
the same group as U, ornata^ will have to be diagnosed under a separate name as — 

Uta leviB sp. nov. 

Diagn, — ^A band of about six longitudinal, somewhat Irregular rows of enlarged and 
only slightly carinated scales along the middle of the back from the shoulders back- 
wards; the two median rows smaller; no lateral line of enlarged scales or tubercles 
on body or neck ; frontal divided transversely ; tail much less than twice the length 
of head and body ; length of hind leg considerably less than distance from posterior 
gnlar fold to vent ; no dark spot behind axilla. 

iZoft.— Tierra Amarilla, New Mexico. 

Type,—V, S. National Museum, No. 11474 ; Prof. E. D. Cope, coll. 

This form, of which both male and female (Nos. 11474, 8554) were collected by Pro- 
fessor Cope at Tierra Amarilla, about 110 miles northwest of Santa F^, New Mexico, 
at an altitude of about 7,800 feet, is easily distinguished from U, omatat its nearest 
ally, by the absence of the lateral enlarged scales or tubercles, those on the dorso- 
lateral fold being scarcely perceptibly larger than the other dorsal granules; nor are 
there any pointed tubercles or cluster of tubercles on the neck. In addition to these 
characters the carination of the enlarged dorsals is rather feeble. As in typical U. 
ornata the hind legs are short and the dorsal scale rows very irregular. The color of 
both specimens above is uniform pale without the slightest trace of markings ; the 
nude has flank patches of a pale skv-blue (in alcohol). 
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middle line ; the six anterior cross-bars are bordered behind by a narrow 
black line, and all, both in front and behind^ by a whitish line which is 
broader behind than in front; on the sides several rows of indistinct, 
pale spots, many of them bordered anteriorly by dnsky ; a narrow dnsky 
line across the head between the eyes; an indistinct dnsky line from 
nostrils through eyes to above ear ; legs and tail with indistinct and 
irregnlar cross-bands of a lighter shade than the ground color ; under- 
side whitish, with an elongated patch of emerald green on the flanks 
and a more yellowish one on the middle of the throat. (Now, after 
having been in alcohol for more than half a year, the green of the flanks 
has changed to a faint sky-bine, and the yellowish throat patch has 
disappeared.) 

The other specimen (No. 15840) is considerably smaller. It resembles 
tiie above, thongh a little darker and with the pattern more distinct ; 
DO green on flanks, and the throat patch pinkish-yellow (now disap- 
peared). 

Holbrookia maculata flavUenta Cope. 

By this name Professor Cope recently designated some specimens 
from Lake Valley, New Mexico, and as I find all the western specimens 
differing from true H. maculata in mnch the same manner as described 
by him and being in need of a name for this western (west of the Bio 
Grande) subspecies, I adopt the above appellation, at least provisionally. 

This is the form which Professor Cope formerly called H. propinqua 
(for instance : Proc. Phila. Acad. 1866, p. 303 ; Expl. W. 100 Merid, v. 
p. 601), a species which he has later restricted — and most properly so — 
to southwestern Texas. The New Mexican and Arizona specimens were 
left with H. maculata " subspecies maculata.^ Yet the diflferences be- 
tween these specimens and typical H. ma^nilata which originally led to 
their identification with H. propinqua do in reality exist, though they 
are difficult to express in words, but they do also intergrade, to some 
extent, necessitating the use of trinominals. 

In order to properly identify the specimens brought home by Dr. 
Merriam, I was obliged to review the whole question of H, maculata and 
its various races, and I came to the conclusion that there are two main 
races, each with a special geographic color variety. I may tabulate 
them as follows, indicating at the same time their geographic distribu- 
tion in 80 far as I have been able to examine specimens from undoubted 
localities. 

A, Pointed sDoat and narrow anterior supralabials. 

1. Holbrookia maculata, typical : Northern Texas, Indian Torritor>', Kansas, 

Nebraska, eastern Colorado. 

2. H. m. laoerata : Central Texas. 

B. Tmncate snont and broad prominent anterior supralabials. 

3. H. m,flavilenta: Western New Mexico, Arizona, except extreme sontliern 

portion. 

4. ff. m. approximans : Soutbern Arizona, parts of Sonera, Chihuahua and Coa- 
haila. 
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H. lacerata I take to be only a Qolor race of typical H, mcumlata. In 
outUue of head, shape of labials, and proportions I can find no difference 
between the S H. lacerata {^o. 10160 Helotes, Texas; W. G. Mamock, 
coll.) and various males of the typical form. So far as coloration of the 
upper parts are concerned, H. lacerata is closely approached by three 
specimens from Neosho, Kausas (No. 4693), and in regard to the lateral 
spots it may be stated that they are present in all three examples be- 
longing to the National Museum, tliongh the original description ex- 
pressly says : " No blue spots on the sides.^ 

Both H. approximans and H.Jlavilentaj as here understood, differ from 
true H. maculata as exemplified by numerous specimens from the typi- 
cal locality, the Platte River, in the more truncated outline of the snoot, 
as seen from above, the greater width, height, and obliqueness of the 
supralabials, and generally, in the reduced number, consequently greater 
size and greater flatness of the scales on top of the snout. As a rule 
the hind feet of these western forms are longer, but proportions of feet 
and tail as compared with length of body vary to such an extent indi- 
vidually all over the range of the species that they are hardly available 
for purposes of identification. 

H. approximans seems to differ from £. ^tTiJertta chiefly, if not exclu- 
sively, in having the lateral dark spots placed a little further back and 
surrounded by more blue. 

Dr. Merriam's specimens (U. S. National Museum, Nos. 15828-15837) 
were collected in the Painted Desert, some at Moencopie, but the ma- 
jority near the Little Colorado Kiver, between September 21 and 26. 
One is quite young, the others full grown, or nearly so. 

Boelopoms clarkli B. &, G. 

Originally described from southern Arizona, and by subsequent col- 
lectors ascertained to inhabit the drainage basin of the Gila Biver as 
well as the lower Colorado valley. Dr. Merriam's discovery of its 
occurrence in the Grand Canon of the Colorado River north of San 
Francisco Mountain materially extends the range of the species north- 
ward and adds another .to the many southern forms which push their 
northern outposts up through this wonderful caSLon. As one of tbe 
specimens was caught about 1,000 feet above the bottom of the cafion, 
it is quite possible that this species may extend at least as far as the 
mouth of the San Juan Eiver, or across the border into Utah. 

Of the two specimens collected (Nos. 15849, 15850) one is very 
young — head and body 38"°* long. Its coloration is very pronounced, 
and differs considerably from that of the adults, except the head aiitl 
upper neck. The rest of the upper surface is of a pale bluish drab, with 
very distinct blackish-brown cross-bars, those on one side of the back 
alternating with those on the other side; across the neck just in front 
of the shoulders there is a nearly complete brownish black collar, lat- 
erally bordered with pale yellow both in front and behind. In the 
other specimen, which is more than half grown, only a trace is left of the 
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eoUa^y oonsisting of a blackish spot on each shoulder bordered behind 
witii pale yellowish. 

Scelopoms oonsobiinuB B. &, G. 

Like Uta omata^ the present species is confined to the Cedar belt of 
the plateau, where it is not ancommon. Four specimens were col- 
lected: No. 15854, San Francisco Moantain, August 25, 1889; No. 
15853, in the Cedar belt north of the mountain, at an altitude of about 
6,500 feet, September 9 ; and two (Nos. 15851-'2) near Cation Spring, at 
the rim of the Grand Canon, September 13 and 15. It is not found 
either in the ca&on or in the desert. 

SceloporoB graciosuB B. &. Q. 

A very young specimen (No. 15855), which was collected at Tanner's 
Gulch, Painted Desert, on September 24, 1 refer to this species, although 
it differs considerably in coloration from the full-grown specimens which 
I have been able to compare it with. The dorsal spots are represented 
by two longitudinal brownish bands, narrowly margined with black, 
bordering a median band of nearly the same width but of a beautiful 
sky-blue color; laterally the dark bands are again bordered by a white 
one of eqaal width ; beyond this there is a wider dusky band, followed 
again on the sides by a narrower and less well defined white band 
which is set off from the light under surface by a shade of dusky. 

Soelopoms elongatna, sp. doy. 

IHagno9i9. — Head shields smooth ; occipital comparatively small, but 
broader than parietals ; two or three parietals on each side ; two scales 
on canthns rostralis ; supraoculars, one large row and three small sub- 
equal ones, two outer and one inner ; five free scales in front of ear 
opening ; dorsal rows nearly parallel; lateral scales but little smaller, in 
oblique rows ; scales on shoulders large, connecting dorsals with bra- 
ehials ; dorsal scales keeled, pointed, with a well-pronounced notch on 
each side of the point, 47 to 51 scales between occipital and tail, 9 to 11 
in a head length ; femoral pores 16 to 18 on each side, not meeting 
medially ; tail about eight times the length of the head ; distance be- 
tween base of fifth toe and extremity of fourth, including claw, less than 
distance from nostril to arm, and much more than from snout to poste- 
rior margin of ear; no color band across nape; no longitudinal color 
bands ; males with dark blue patches on flanks and one on each side of 
throat, females similarly marked, but colors less vivid and less ex- 
tended. 

HaMtat — Painted Desert, Arizona. 

Type. — U. S. National Museum, No. 15858 ; Moa Ave, Painted Desert, 
Arizona; September 23, 1889 ; Dr. 0. Hart Merriam, coll. 

Unable to identify the specimens brought home by Dr. Merriam from 
the Painted Desert with any of the numerous forms described, I have been 
obliged to introduce them under a new name. Although nearly related 
to several of the species already known it is not an intermediate form 
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coHDecting any of them, as in slenderness it snrpassea them all, the tail 
and hind legs being particalaily elongated. 

In the number of dorsal scales this form is intermediate between 8. 
consobrinus and S. graoiosus^ though the number included in a head 
length is the same as in the former, but in the new form the scales are 
not so strongly carinated, the keel being lower and mostly confined to 
the terminal half of the scale. It also agrees with 8. consobrinus 
in the distribution of the blue color on flanks and throat, but shares 
with 8. bocourtii the peculiarity of exhibiting a similar coloration 
in the females and young, differing from the latter, however, in haviDg 
a blue mark on each side of the throat instead of a single one on 
the middle of the throat. The coloration of the upper side, how- 
ever, is more of the 8. undulatua type ; but it is much lighter, the 
dark undulating cross-lines are not so heavy, and there is no trace 
of longitudinal bands. Even in the very young specimen these color 
characters are well pronounced and identical with the adults. 
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• Tail reproduced. 

Phrynoaoma hemandesi (Gir.). 

To avoid mistakes I may at once remark that this name is intended 
for the interior form usually designated as Ph. dotLglassiij or even Ph. 
dougldssii douglasii (!), as distinguished from the northwest coast forui 
known as Ph. douglassii pygmway for as it was upon the latter that Bell 
founded his Agama douglassii, it is plain that the dwarf species found 
in the territory drained by the Columbia River is entitled to the name 
Ph. dougldssii without any further qualifying trinominal. 

It ivS beyond the scope of the present paper to discuss in detail the 
status of all the forms which are more or less closely grouped around 
Ph. douglassiij but L may state in this connection that the examination 
of a very extensive material has convinced me of the necessity of recog- 
nizing at least four different forms, each with a deflnite and distinct 
geographical distribution, viz, the typical Ph. douglassii {=pygfnwa) 
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from Oregon and Washington 5 Ph, hernandesi (=dougl(i88ii Axxct. neo 
Bell) from the wooded plateau region of Colorado, Utah, New Mexico, 
and Arizona 5 Ph. omatisaimumy from the desert region of the latter 
territories ; and Ph, brevirostre (Gir. nee Cope), a small edition of Ph. 
amatissimum from Wyoming and, in general, the drainage basins of the 
Yellowstone and Platte Rivers. 

Of these, only Ph. hernandesi and Ph. ornatissimum concern us in the 
present connection. 

After having discovered that Ph. pygmwa is only a synonym of typical 
Ph. douglassii, it remained to ascertain which name in the long list of 
synonyms would be available for the form so long known as Ph. doug- 
Imsii. It was then found that Girard's types of Ph. hernandesi in the 
U. S. National Museum (Nos. 107, 198) are still extant and that they 
■are identical with the plateau fdrm here in question. 

Fortunately, Girard's type of P^. ornatissimum is also preserved (U. S. 
National Museum, No. 204), so that we have authentic bases for both 
names. It remains now only to point out the differences between these 
species, differences which may be more easily appreciated by an inspec- 
tion of plate XII, figs. 3 and 4, drawn from specimens collected by Dr. 
Merriam. 

In Ph. hernaiidesi the head is more pointed, the lateral outline being 
straight or even concave, against convex in Ph. ornatissimum; the spines 
both on head and body are considerably larger and more numerous ; 
the occipital spines are more horizontal, sloping backwards and paral- 
lel with the temporal spines, hence the outline of the occipital angle 
when viewed from above is subdivided into three angles by the points 
of the occipital spines, while in Ph. ornatissimum the occipital spiues are 
more erect so that they do not protrude backwards into the occipital 
augle which, besides, is considerably more shallow. In Ph. hernandesi 
the occipital spines are also placed much nearer to the temporal spines, 
the interval being less between the occipital spines and the apex of the 
occipital angle, while in Ph. ornatissimum they are situated about mid- 
way, there being a large opening between the occipital spiues and the 
temporal ones. The spines on the dorsal surface are larger in Ph. her- 
nandesi^ especially the row on the neck running backwards from the tip 
of the occipital spines. Ph. hernandesi, moreover, seems to have a con- 
siderably longer tail, it being quite as long in the females as in the males 
of Ph. ornatissimum (the males as is well known having considerably 
longer tails than the females). There are also decided differences in 
coloration, in spite of the great individual variation in both species. 
Quite characteristic of Ph. hernandesi is the red color of the cephalic 
spines, while the rest of the head is more or less of a greenish or blu- 
ish gray. 

Phrynosama hernandesi has a range corresponding to that of TJta or- 
nataandSoeloporusconsobrinus, being chiefly confined to the cedar belt 
and the lower pine belt. It was collected by Dr. Merriam at various 
601— No. 3 8 
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points on San Francisco Mountain at various altitudes from 7,000 to 
8,600 feet, and I myself obtained specimens of the same form at HalPs 
Spring (6,000 feet alt.) and at the Canon Spring. A melanistic form 
was found in the black lava beds east and northeast of the moan tain. 
The following is a full list of the specimens brought home by Dr. Mer- 
riam: 



TT.S. 
Nat. 
Man. 
No. 



15799 
15800 
15801 
15802 
15803 
15804 
15805 
15800 
1580: 
15808 
15809 
15810 
15811 
15812 
15813 
15814 
15815 



.7 I 



Sex 
and 
age. 



d" ad. 
d* ad. 
d" ad. 
d" ad. 
c? juv. 
d-juv. 
d" juv. 



ad. 

ad. 

ad. 

ad. 

ad. 

od. 

juv. 

juv. 

d-jav. 

(^jav. 



Locality and altitude. 



Sou FraociHCO Mountain, Arizona (7,000 feet). 
do 



-do. 
.do. 
-do. 
.do. 
.do 
do. 
.do 



do (7,000 feet). 

do 

do (8,500 feet). 

do (7,000 feet). 

do 

do 

Black lava beds east of mountain 

Black iava beds northeast of mountain. 



Date. 



Sept. 8,1889 
Sept. 5,1889 

I>a. 

Do. 



Aag. 70, 1889 
Aug. 7.1889 
Aug. 20. 1889 
Aug. 5,1889 
Sept. 5.1889 
Aug. 17. 1889 
Aug. 8.1889 
Sept. 5. 1889 
Aug. 17, 1889 
Aug. 25, 1889 
Aug. 19, 1889 
Sept. 26, 1889 



Much has been written in regard to the perfection with which these 
animals ^ imitate' the color of the ground on which they live, and our 
own observations fully verified the statement that they afford one of 
the most striking examples of protective mimicry. In the cedar and 
pine belts of the San Francisco Mountain the dark brown color of the 
soil and stones covering the surface is closely matched by the ground 
color of the Phrynosomas^ while the greenish gray and orange colored 
markings which somewhat irregularly adorn their backs are perfect im- 
itations of the lichens covering the rocks and pebbles among which 
these odd-looking creatures live. Near the rim of the Grand Oanon of 
the Colorado, on the other hand, the ground is covered with small peb- 
bles of variously colored sandstone, ranging from a clayey white to 
brick red and dark brown, and the specimen which I collected there 
(So. 15724) is such a faithful reproduction of the surroundings that it 
would undoubtedly have remained undetected had it not been moving. 
Even more remarkable are the specimens which Dr. Merriam collected 
in the black lava belt east and northeast of the mountain. One of 
these (No. 15815) was brought to camp alive, enabling me to make the 
following description of the fresh colors : " Ground color of upper side, 
including head, satiny black ; light markings on median third of body 
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dull ^Kaples yellow,^ abruptly chaugiog into the yellow ocbre of those 
on the sides ; tips of most lateral spines white ; tips of largest cephalic 
spines marbled with ocher; ander side yellowish white, densely mar- 
bled with blackish; collar, light' ocher yellow.^ In these specimens 
even the gloss of the black lava was imitated. 

Phrjnosoiiia omatliMrfiinim (Gir.)* 

The differences between this species and Ph. hemandesi have been 
pointed oat under the head of the latter. They seem to be constant, 
they are well prononnced in the adnlts, and there seems to be no inter- 
gradation, so that I see no reason for adopting a trinominal appellation. 

As already alluded to, this species is a true desert form, and it was 
eonseqaently found by Dr. Merriam only on his trips through the 
Painted Desert. The following specimens were secured: 



U.S. 
Kat. 
Mas. 
No. 



15816 
15817 
15618 
15619 



Sex 
and 
ago. 



<f ad. 
d ad. 
9 ad. 
9 ad. 



Looalitr. 



Painted Desert, Arizona . 

Little Colorado Desert, Arizona 

do 

Moencopie, Painted Desert, Arizona . 



Date. 



Ang. 17,1889 
Sept 25, 1889 
Sept 24, 1889 
Do. 



Judging firom these specimens the normal coloration of Ph. ortuitis- 
iimum is a pale cinnamon rufous on the back, with large round black 
spots, surrounded by a pale yellow line ; upper side of head including 
spines uniform cinnamon rufous of the same shade as the ground color 
of the back. 

The relation between Ph. hemandesi and Ph. omatisaimum and their 
distribution offers a most interesting parallel to that observed between 
a number of species of rodents, as pointed out by Dr. Merriam on 
previous pages (see pp. 55, 56, 59, 60, 74). 

Bntainia vagrans B. & G. 

The only snake collected was found by Mr. Bailey in the crater of 
(yLeary Peak, 9,000 feet altitude, October 2. (No. 15798.) This was, 
moreover, the only snake seen during the entire stay of the party in the 
San Francisco Mountain * plateau, though a single rattlesnake was seen 
on the Painted Desert, near Tenebito Wash, by Dr. Merriam. 

* This is a fact well worth rocording, for it tends to corroborate the statement that 
snakes, especially rattlesnakes, are becoming rare in many western localities where 
they were qnite abnndant not long ago. During a short stay in July, 1864, Dr. E. 
Cones collected quite a nnmber of rattlesnakes belonging to no less than four differ- 
ent species, on the same mountain, where not one was seen by Dr. Merriam's whole 
party daring a stay of two months. The species collected by Dr. Coues have been 
determined as follows: Crotalus confluentus, moloesus, ludfcTj and soutulatus, (Wheel* 
er'BExpls, W. 100 Mer., v., pp. 604-608.) 
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B.— BATRACHIA. 

Amblystoma tigzlniim (Green). 

While we were sitting aroafld the camp-fire in the evening of Septem- 
ber 19, a salamander (U. S. Nat. Mus., No. 16179) was suddenly seen 
writhing in the hot ashes, having probably dropped off one of the 
burning logs. I follow Copers authority in adopting the above name. 
San Francisco Mountain is the locality whence came the type of Hallo- 
well's A. nebuloBum. 

The fresh colors above were dark olive and " straw-yellow ^ in about 
equal proportions ; a ring round the eyes and upper lips tinged with 
reddish; under side of head whitish; of body, pale yellowish-gray; 
free portions of digits tinged with pink ; iris dark hazel. 

Bulb lentlginoBUB woodhousii (Gir.). 

Two medium-sized specimens (Nos. 16181, 16182) were collected on 
September 24 at Tanner's Gulch, 3 miles north of Tuba Oity, Painted 
Desert. They are normally colored though rather light, especially the 
smaller one. The following color notes were taken from the fresh spec- 
imens : ^^ Above pale olive-green with a somewhat lighter stripe down 
the middle of the back ; tip of tubercles pale red surrounded by black 
rings; lower surface olive- white." 

Two other and much smaller specimens were obtained at Tanner's 
Grossing of the Little Golorado, September 22 (Nos. 16183, 16184). Al- 
though differing greatly from the former in coloration, I can find no 
other character to distinguish them. A colored sketch and description 
from the fresh specimens at the time are to the following effect: ^'Na 
16183. Entire upper surface pale fiesh color, suffused with buff on 
.hands and feet ; parotoids darker, nearly < brick-red ' except in the 
middle ; all the tubercles of the same red color ; each of the larger ones 
surrounded at the base by a circle of minute black specks ; a narrow 
white stripe down the middle of the back ; a few dusky annular marks 
on upper flanks and hind legs ; under surface bluish-white ; lower abdo- 
men and inner side of hind limbs pale brownish-yellow; palms of the 
same color, but the inner surface of the fore limbs pinkish ; iris brassy, 
densely clouded with dark mottlings, except a narrow inner ring which 
is bright metallic." 

Professor Gope, in his elaborate work on the <^ Batrachia of North 
America" (Bull. U. S. Nat. Mus., No. 34, p. 282), as a reason for leav- 
ing Hallowell's B. doraalis out of the synonymy, makes the following 
statement: 

There is nothing in the description nor in the fignre to enable ns to ascertain what 
species or subspecies is represented. The evidence is as mach in favor of the speci- 
men having been a B. I. amerioanus as a B, I. woodhousei, and uo locality is given to 
assist in reaching a conclusion. The type specimen can not be found. 

This is not so, for in the first plaee Hallo well gives the locality of the 
pnly specimen expressly as " San Francisco Mountain, New Mexico "(». ^-^ 
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Arizona), and in the second place mention is made of the shortness of 
the head (" Length of head, 8 lines ; length of head and body, 3 inches,^ 
consequently "head 4.5 times in length''). Moreover, Girard, who 
afterwards examined and partly described the type specimen, simply 
changed the name because B. dorsalis was already preoccupied by Spix, 
and we are well warranted in regarding the only specimen brought home 
by Dr. Woodhouse as the type of B. tooodhousii. Finally, HallowelPs 
type of -B. dorsaliSj so far from not being found, is one of the very speci- 
mens enumerated by Professor Cope, viz, No. 2531. The " Calif. Mts." 
in the original entry on the Museum record book is simply a slip for San 
Francisco Mountain, as is evidenced by the original parchment label 
still attached to the specimen, which reads : 

** Bufo doTzaiM HalloweU, San Francisco Moantain, New Mexico. S. W. Wood- 
house, M. D." 

This also disposes of another statement by the same author (op. dt.^ 
pp. 282-284) that Mollhausen's specimen from Canadian Biver (U. S. 
Nat Mus., No. 2632) is the typa Girard, at the time of publishing the 
name B. woodhousii had only the " Sonoran " specimens from the U. 8. 
Mexican Boundary Survey and HoUowelPs type of B. dorsalis. Those 
from the Pacific Eailroad surveys under Whipple came in later. 

Bnfo pniictataB B. & G. 

Four specimens (U. S. National Museum, Nos. 16185-16188) of this 
species were collected by Mr. Bailey at the bottom of the Grand Cafion, 
September 13, 1889. I took the following color description from one of 
the fresh specimens (No. 16185): ** Above * malachite- green ' densely 
speckled with small dots of bright vermilion 5 limbs paler, dotted with 
vermilion and also with minute black specks which likewise occur on 
the flanks ; region surrounding nostrils black ; upper lips and whole 
under surface bluish-white, irregularly speckled with black ; posterior 
part of belly and underside of thighs dark brownish flesh-color; soles, 
dull orange. 

This is a southern species which extends northward along the Col- 
orado Eiver. Mollhattsen collected it in the " Upper Colorado Eegion,'' 
which apparently means the region about the Little Colorado River. 

Specimens collected : U. S. National Museum, Nos. 16185-16188. 

Spea hammondii (Baird). 

A single specimen (No. 16180) was collected by Dr. Merriam in the 
Painted Desert, August 18, 1889. The label is inscribed as follows : 

''Teneblto Wash : found in a hole in wet mnd ; this wash is dry most of the year.''* 
Hyla arenioolor Cope. 

An interesting color variety of this species was collected by Dr. Mer- 
riam about 1,000 feet above the bottom of the Grand Caiion of the Col- 
orado, September 13, 1889; and Mr. Bailey obtained similar specimens 
at the bottom. These specimens, which were found on a very light-col- 
ored rock, the exact shade of which they matched, are remarkable for 
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the nearly total absence of dark markings on the upper surface. They 
were brought to me fresh, so as to give me an opportunity to pre- 
pare the following description of the colors: No. 16189, 1,000 feet above 
bottom of Grand Oaiion, Dr. Merriam, coll. "Iris pale brassy with 
black marblings. Above uniform frosted silvery, irregularly overlaid 
with a faint golden gloss which is more brassy on tympanum and sides 
of face ; faint traces of dusky cross-bars on limbs, the light interspaces 
being pale golden ; under side whitish, suffused with pinkish on fore 
neck, and with pale bluish-green on chin and (more intensely so) on 
middle of breast and belly ; flanks posteriorly, as well as inner surface 
of limbs, bright and deep gamboge-yellow; under side of thighs and 
sides of belly more brownish-orange ; digital discs pale orange-pink. " 

The specimens collected by Mr. Bailey were less metallic and more of 
a clayey color, except the tympanum, which was coppery; discs more 
purplish-pink ; web of hind limbs bright gamboge-yellow. One of these 
(No. 16190) shows traces of the normal marblings of the species, the 
description from the fresh specimen being as follows : " Above clayey, 
with uumerous slightly darker spots and well marked crossbars of the 
same color on limbs ; labial margins whitish ; chiu dark purplish-gray 
with whitish dots ; breast whitish ; belly bluish, gradually shading into 
yellowish behind; inner surface of limbs bright gamboge-yellow; thighs 
underneath more brown, speckled with whitish ; digital discs pale flesh- 
color.'' 

Specimens collected : U. S. National Museum, Nos. 16189-16194. 

Rana virescens brachycephala. Cope. 

Quite a number of these Frogs were obtained at Tuba City and Tan- 
ner's Gulch, Painted Desert, September 24, 1889, three of which were 
preserved (Nos. 16195, 16196, 16197). I have no doubt that) this is the 
species which Hallowell records under the name of Rana areolataj as 
collected by Dr. Woodhouse in the San Francisco Mountain. 
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FOREST TREES OF THE SAN FRANCISCO MOUNTAIN REGION, ARIZONA. 



By Dr. O. Habt Mbbbiam. 



The lofty pine forest of the Saa Francisco Moantain Plateaa has been 
famoas since the days of the early explorers, Sitgreaves, Kennerly, and 
Ives, who passed through it on their joameys across the continent. 

It is a noteworthy forest, not alone on accoant of the size and beauty 
of the single species of tree of which it is composed {Pinus ponderosa), 
but also because of its openness, freedom from undergrowth, and its 
grassy carpet — for the porous lava soil supports a sparse growth of 
bunch-grass which is high enough after the rainy season sets in to con- 
ceal the rocky surface, and, at a little distance, to present the appear- 
ance of a meadow. The pleasing effect is heightened by the circum- 
stance that the region can not be reached from any direction without 
first passing over a long stretch of arid desert. 

The pine forest is thoroughly mature, nearly all the trees being of 
large size, and rarely crowded. Toward the desert it gives place to the 
juniper and pinon of the ^ Cedar belt;' while on the mountains which 
rise above the plateau level it is invaded and finally superseded by 
other species. Most of the kinds of trees growing on San Francisco 
Moantain have been enumerated under the zones in which they occur; 
hence a brief notice of each will suffice. 

Quercus gambelii Nattall. Oak. 

This is the only Oak met with by the expedition. It was seen in the 
neighborhood of Red Horse Tank, and thence to the Grand Caiion of 
the Golorado, and in small quantities near Walnut Oaiion, but was not 
found at the mountain. It occurs as a rule in the form of scrub thickets 
not more than two or three meters in height, but a few large trees were 
seen near the Grand Oanon. 

There is something remarkable respecting the history of this tree in 
the San Francisco Mountain region. Sitgreaves and other early ex^ 
plorers speak of it as abundant about the mountain, while we did not 
find it at all in the very places where it was formerly common. Its 
absence explains the absence of several species of birds which might 
be expected at the mountain, but which are rarely found except in oak 
scrub^ 
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Popnlus tremnloides Michaox. Aspen ; Quaking Aspen. 

The Aspeo is a common tree on San Francisco Mountain, where its 
normal vertical range is from a little below 2,500 to 3,000 meters (aboat 
8,200 to 9,800 feet), though it descends considerably lower on north- 
easterly exposures. It is abundant on the pinnacle which caps the sum- 
mit of Kendrick Peak. It grows on drier soil than Douglas fir and 
usually occupies the places from which the latter has been burned off, 
often forming large groves whose tall white trunks, as straight as 
arrows, attain a height of 25 meters (about 80 feet). It is worthy of 
remark that the common brake {Pteris aquilina) is usually associated 
with the Aspen, wherever found. 
PopuluB monllifera Aiton. Cotton-wood. 

The Cotton- wood grows sparingly along the Little Colorado bottom, 
where it is the only tree. It occurs also in places in the Grand Canon. 
Jonipenis occidentalis monoBperma Engelmann. Western Cedar ; Janiper. 

This is the tree from which the cedar belt takes its name. It is asso- 
ciated with the pinon, and is bounded by the desert below and by Pinus 
ponderosa above, ranging in altitude from 1,800 to 2,100 meters (6,000 
to 7,000 feet). 
Junipexus californlca utahensls Engelmann. Great Basin Cedar. 

This species was found at the Grand Caiiou of the Colorado. 
Juniperus pachyphloea Torrey. Checker-bark Cedar ; Alligator-bark Cedar. 

This striking aud handsome tree is rare in the San Francisco Mount- 
ain region, where it was observed in two places only, namely, at Wal- 
nut Cailon, and near the east base of Elden Mountain. 
Abies concolor Lindley & Gordon. White Fir ; Balsam Fir. 

This fir is common in places at the Grand Canon of the Colorado, 
where it occupies the uppermost zone on northerly exposures in com- 
pany with Pseudotsuga douglaHti. It was found by Mr. Bailey on the 
east side of Elden Mountain, but was not observed on San Francisco 
Mountain. The species is easily distinguished by the great length of 
its leaves, and by the balsam blisters on its bark, in this respect re- 
sembling the eastern Abies balsamea, and differing from all the other 
trees of the Plateau region. 
Abies Bubalpina Engelmann. White Cork-bark Fir. 

This beautiful fir, unique in the color and character of its bark, is one 
of the most conspicuous trees on San Francisco Mountain between the 
altitudes of 2,725 and 2,900 meters (8,950 to 9,500 feet). On the north 
side of a large butte, just south of Walker Lake crater, it descends to 
2,600 meters (8,500 feet). The bark is a fine elastic cork of uniform 
texture, and free from hard particles. It averages about 6 millimeters 
in thickness and is very durable, frequently remaining intact while the 
wood rots away. Large pieces of it, still retaining their elasticity, may 
be stripped from dead trees and from logs upon the ground. It is 
sculptured by irregularly interrupted longitudinal depressions or 
grooves, aud is ornamented by tine, parallel, wavy lines. Its color va- 
ries from creamy white to gray, and the surface has a velvety texture. 
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The leaves are short ; and the scales of the large cones are deciduous 
while still on the tree. In fact, it was almost impossible to secure a 
perfect codc as early as the latter part of September. 

I believe this tree to be distinct from true A. sttbalpina, but in the 
absence of material for direct comparison, I am nn willing to separate it. 
On Kendrick Peak it grows from the south rim of the crater (altitude 
about 2,800 meters, or 9,200 feet) to the summit (a little above 3,050 
meters, or 10,000 feet). 
Pseadotsoga donglasii Lindley. Doaglas Fir. 

Douglas fir is the most characteristic tree of the Canadian zone of 
San Francisco Mountain, where it ranges from 2,500 to 2,800 meters 
(8,200 to 9,200 feet) in altitude. It is associated with Pinusflexilis mac- 
rocarpa and Populus tremuloides^ though preferring moister situations. 
On the south side of both Agassiz and Kendrick Peaks the effects of 
slope-exposure carry it up nearly if not quite to 3,050 meters (10,000 
feet). In a cold canon on the northeast side of San Francisco Mount- 
ain, on the other hand, the effects of slope-exposure bring its lower 
limit down to 2,280 meters (7,500 feet) ; and it descends still lower in 
the crater on the northeast side of OTieary Peak. 
Picea engelmanni (Parry). Engelmann's Spruce. 

Engelmann's Spruce reaches the uppermost limit of tree growth in 
company with Pinus aristata^ and comes down to the upper limit of the 
Douglas fir zone, thus ranging in altitude from 2,800 to 3,500 meters 
(9,200 to ll»500feet). On the south side of Kendrick Peak it was not 
observed below 2,950 meters (9,700 feel). Perhaps Picea pungens occurs 
with it, in which case the latter has the lower range. 
Pinna flezUis macrocarpa Engehnanu. White Pine. 

This lofty pine, which equals or even exceeds P. ponderosa in size, 
occupies the lower zone of San Francisco Mountain, from about 2,500 
to 2,775 meters (8,200 to 9,100 feet), occurring with Douglas fir and aspens. 
Along the upper part of the Pinus ponderosa belt it is mixed with that 
species. On the south side of Kendrick Peak it begins at about 2,680 
meters (8,800 feet) and reaches the summit. Its nuts are much soaght 
after, on account of their large size, by squirrels and chipmunks. 
Pinna ponderosa Donglas. Yellow Pine. 

As already stated, this species may be properly spoken of as the only 
tree of the San Francisco Mountain plateau, where its normal vertical 
range is from 2,100 to 2,500 meters (7,000 to 8,200 feet), though it ex- 
tends irregularly to 2,675 meters (8,800 feet), mixing with the firs, 
aspens, and white pines. On the south side of Kendrick Peak the effects 
of slope-exposure elevate its upper limit to an altitude of about 2,830 
meters (9,300 feet) ; wbilo on the south side of Agassiz Peak it reaches 
2,776 meters (9,100 feet). It stretches southward from San Francisco 
Mountain to the plateau escarpment west of Baker Butte, and thence 
easterly along the crest of the plateau rim to the White Mountains, 
with no break of any considerable size, though near the White Mount- 
ains it is invaded by cedar and piiion. 
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Along the plater>a escarpment Pinus ponderosade&oenAB to a inach 
lower altitude than elsewhere, being found as low as 1,370 meters (4,500 
feet). This is due to the low altitude of base-level below the plateau. 

The forest of Pirnis ponderosa covering the Cocanini plateaa, and 
commonly known as the ' Cocanini forest,' is separated firom the San 
Francisco Mountain plateau forest by a wide belt of cedar and pinon 
(see Map 1). Another disconnected forest of the same kind occapies 
the high crest of the plateau west of Cataract Canon. For this latter 
information I am indebted to IMr. John H. Benshawe, of the U. S. Geo- 
logical Survey. 
Pinus aristata Engelmann. Fox-tail Pine. 

The Fox-tail Pine is a tree of high altitudes. On San Francisco 
Mountain it begins to appear at about 2,750 meters (9,000 feet), and 
ranges thence to timber line, vieiug with Picea engelmanni to attain the 
greatest elevation on the rocky side of the peak, and thriving best in 
more open and slightly drier situations than its companion. It was not 
found onKendrick or O'Leary Peaks. At the upper limit of its range(the 
timber-line zone), it is little more than a gnarled and prostrate bash, 
while lower down (in theHudsonian zone), it is a large and handsome 
tree. Its large cones are usually dripping with clear, transparent resin. 
Pinus ednlis EDgelmann. Pifion ; Nnt Pine. 

The Pinon occurs in company with Junipers, the two together con- 
stituting the Piiion or cedar belt, which is the zone next below the 
pines. The altitude of the piiiou belt is 1,800 to 2,100 meters (6,000 to 
7,0(K) feet). The Piiion is more abundant in the upper than in the lower 
part of the cedar belt, and was common wherever we entered this belt 
from Walnut Caiion to the Grand Canon of the Colorado, bat the 
single-leaved form (P. tnonophylla) was nowhere met with, though it is 
accredited to the San Francisco Mountain region by Sargent in his vol- 
ume on Forest Trees (Tenth Census, 1884, p. 190). 

The Piiion is a prolific bearer, the quantity of nuts produced by the 
small and apparently distorted cones of a single tree being surprisingly 
large. They begin to ripen about the end of August, and constitute 
the most important indigenous food of the Indians as well as of many of 
the mammals and birds of the region. 

TREES OF ESSENTIALLY COINCIDENT RANGE. 

Between the summit of the mountain and the desert plain below, the 
following approximate coincidences in the vertical range of trees occur : 

Pinus aristata > Approximate altitude, 2,800-3,500 meters, or 

Picea engelmanni S 9,200-11,500 feet. 

sen o suga oug asii ^ Approximate altitude, 2,500-2,800 meters, or 

Pinus flexilis macrocarpa > ' ' ^« « ^^^ * . 

o ,. . , . , ^ ( 8,200-9,200 feet. 

Popnlis tremuloides j ' 

Pinus ednlis ) Approximate altitude, 1,800-2,100 meters, or 

Juniperns occidentalis monosperma. > 6,000-7,000 feet. 
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"Note. — ^The normal altitudes here given for the various trees of Sau 
Francisco Mountain are averagas for the we8t side of the mountain. 
Favorable southern and southwestern exposures carry the zones up a 
hundred meters or more above these limits, while similar northern and 
northeastern exposures, particularly in gulches and caiions, deflect the 
zones as much as 200, or even 300 meters. The normal average differ- 
ence in altitude of the same zone on the southwest and northeast sides 
of San Francisco Mountain is about 275 meters (900 feet). 
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RELATION OF A BIOLOGICAL SURVEY TO AGRICULTURE. 



The primary object of mapping the geographic distribution of species 
is to ascertain the namber, positions^ and boandaries of the natural 
faanal and floral areas — areas which are fitted by nature for the exist- 
ence of certain native animals and plants, and which consequently are 
adapted for the growth of certain agricultural products and for the 
support of certain kinds or breeds of stock. The obvious reason why 
certain animals and plants inhabit restricted parts of the earth's sur- 
face and do not occur in other parts^ where there are no impassable 
barriers to prevent, is that such si>ecies have become adapted to the 
particular physical and climatic conditions there prevailing, and their 
sensitive organizations are not sufficiently plastic to enable them to live 
under other conditions. 

The present biological survey of the San Francisco Mountain region 
has demonstrated that mammals, birds, reptiles, insects, and plants so 
coincide in distribution that a map showing the boundaries of an area 
inhabited by an association of species in one group serves equally well 
for other groups. The reason of this coincidence in distribution is that 
all terrestrial forms of life inhabiting the same area are exposed to the 
same sarroundings and governed by the same general laws. 

The point of greatest significance, so far as the practical agriculturist 
is concerned, is that what is true of animals and plants in a state of na- 
ture is true also of animals and plants as modified by the voluntary acts 
of man.; for every race or breed of sheep, cattle, or swine, and every 
variety of grain or vegetable thrives best under particular conditions of 
temperature, moisture, exposure, and so on. It follows that a map of 
the natural life areas of a country will tell the farmer what he can ex- 
pect to produce most profitably on his own farm, and also what crops 
will not thrive in his neighborhood, thus saving the time and cost of ex- 
perimental farming, which, in the aggregate, amounts to hundreds of 
thousands of dollars every year. 

Illustrations of the application o the principle here enunciated are 
not lacking, even in the arid region under consideration. Maps 1 and 
2 are examples of the kind of biological maps here referred to, and may 
be used by the settler as guides in the selection of crops for particular 
localities. It is true that very little of the region embraced in the pres- 
ent report is under cultivation, partly because of its scanty water supply 
and partly because of its inacoesQibUity until opened up by the Atlantic 
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and Pacific Railway. Nevertheless, several crops and garden vegeta- 
bles have been grown successfully without irrigation, even in the Little 
Colorado Desert, and the beginning thus made indicates a natural group- 
ing of agricultural products according to the zones here defined. The 
Moki Indians cultivate successfully, in the arid valleys below the Pueb- 
los, cotton, tobacco, peaches, melons, flax, gourds, and southern varie- 
ties of corn and beans ; and alfalfa grows luxuriantly in the same zone. 
None of these do well in the cooler climates of the higher zones. At- 
tempts at agriculture in the Pine belt have developed the additional 
fact that wheat, potatoes, a variety of corn different from that of the 
desert, and other garden products yield excellent results. The Cana- 
dian or fir zone, which is next above the Pine, is subject to early frosts, 
and hence unfitted for any but the hardier crops ; but turnips, beets, and 
oats have been found to do well along its lower border, and wild rasp- 
berries, gooseberries, and strawberries abound in the Spruce belt. 

If the area here mapped were extended so as to include the Giant- 
cactus belt of the Gila and Salt River valleys, the range in agricultural 
products would be far more striking, for then the orange, the date, and 
the fig of the lower desert could be contrasted with the hardy cereals 
and the potato of the mountain plateau. These tropical fruits are now 
grown near Phcenix, only 200 kilometers (125 miles) from San Francisco 
Mountain. 
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LoEW, Dr. Oscar — Continued. 

Loew^H first zone does not reach the platean, but extends far up the Grand Canon, 
nearly if not quite to the month of the Little Colorado. His second and 
third zones are comparable respectively with the Desert area and the Pinon 
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between the Cedar belt and timber line, thus embracing the Pine plateau 
area, the Douglas fir zone, the Spruce zone, and the Subalpine or Timber-line 
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to the plateau. The apparent discrepancy is due to the difference in base- 
level. 
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Baird and Charles Girard (pp. 148-152, pis. 3) ; Botany, by John Torrey 
(pp. 155-178, pis. 21); Medical Report, by 8. W. Woodhonse, M. D. (pp. 
181-185). 
WoODHOUSB, Dr. S. W., 1853. Report on the Natural History of the Sitgreaves E^ 
pedition down the Zufii and Colorado Rivers in 1851, 8^, 147 pp. 

Contained in Sitgreaves's Report, which see. 
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▲bl«e biUflame% 120. 

oonoolor,38.120,121. 
sabAlpina, 120-121. 
Aocdpiter atricftpilliiB. 10. 90. 
coop^ri, 38, 90. 
Telox, 38, 00. 
Aetasa spieaU, 10. 
Aotiiis macalaria, 88. 
iEgi*UtiBTociferj,80. 
Aipwna oo laris, 103. . 
donglasii, 112. 
Agave, 22, 36. 
Agelaios phoBiiioeas, 01. 
Agrionltore. relation of bloloii^cal sarrey to, 125- 

126. 
AHitadea (see also iin<ler Zones): 
Deaert of Little Colorado. 
Orand Gafiou. 
Kendrick Peak. 
Painted Desert. 
San Francisco Monntaln. 
Amblyatoma nebulosam, IIG. 
tigriniim, 10, 116. 
Ammoditunns sandwlchensis alaudlnas. 95. 
AniphUpiza belli nev^densis, 10, 08-97. 

bUineata. 16, 96. 
Ampelifl oedroram, 40, 98. 
Anas americana, 87. 
bosohas. 87. 
discor8,87. 
Androsaoe septeotrionalis, 7. 
Antelope, 38, 78, 86. 
Anthos pensilTanlcus, 9, 99. 
AoUlocapra americana, 38. 78, 86. 
Apbelocoma woodhoasei, 12, 39, 94. 
Aplodontia (f^enns), 24. 
Aqaila chrysiStos, 8, 39, 90. 
Aqailegia ohryBantba, 9. 
Arenaria alplna, 8. 

btflora camalosa, 9. 
veroa, 7. 
Arizona, general phvsioal featares, &. 
Artemisia tridenUta. 22, 35, 37. 93, 98. ; 

wrightii, 69. 1 

Arvioola (gen as) , 1 0, 1 9, 86. I 

alticolns, 11. 67-69, 79, 86. | 

longicandas, 68. | 

mogoHonensis, 11, 55, 69-70 86. I 

Asida (genns), 16. 

Asio wilsonianos, 91. j 

Aspen, Qoaking, 11 , 120, 121, 122. ' 
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Atriplex canesoenis 14, 15, 93. 

conferti folia, 15. 
Avocet, Amerioan, 88. 
Badger, 85, 86. 
Bald cypress, 28. 
Baldpate, 87. 
Bassaris astata, 38, 85. 
Bassaris, Ring-taUed. 38, 85. 
Bat, Black-nosed, 46-47. 

Brasilian Free-tailed, 25, 47-48, 86. 
Common Brown, 45. 
LargA Brown, 37, 41. 
Long-eared, 46. 
Pigmy, 87, 45, 86. 
Batrachians, general reporr, 116-118. 
of Painted Desert. 16. 
Canadian sone, 10. 
Bear, 10, 19. 

Black, 83, 86. 
Griazly, 85. 
Bearer, 59. 
Beetles, 16. 
Belts (see Zones). 
Berberis fcndleri, 35. 

fremootl, 12, 36. 
repens, 10. 
Big-bom (aee Mountain Sheep). 
Big tree, 23. 

Bill Williams MounUin. 5. 
Biological snrvey, relation to agricnltare, 125. 
Birds, general report, 87-101. 
Birds: 

Canadian zone, 10-11. 
Desert of Little Colorado, 16-17, 87-101. 
Grand Cafion of Colorado, 38-41. 
Hadsonian zone, 10. 
Pine belt, 12. 
Pifion belt, 12. 

Sub-alpine or timber-line zone, 9. 
Bittern, 88. 
Blackbird, Brewer's, 95. 

Bed-winged, 94. 
Bluebird, Mountain, 101. 

Western, 41, 101. 
Botaurua lentiginosus, 88. 
Bonteloaa (genus), 15. 
Bubo Bubarcticns. 91. 
virginianus, 91. 

satnratus, 10, .%, 87, 91. 
Bafadorsalis,116,ll7. 

lentiginosus amerioanus, 116. 
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Bnfo lentiginosus woodhon«»ii, 116-117. 

punotatQs, 117. 
Buah-Tit. 12, 101. 
Bateo borealis calurus, 3i^, 00. 
lineatus elegans, 90. 
Bwainsoni, 90. 
Butterfly, Brown elfin, 18. 
Cactas, 14, 15, 22. 30, 52. 
Callipeplagambcli. 89. 
Campanula parryi, 11. 
Canislatrans, 15, 38, 80-81, 86. 
Cafion of the Colorado (see Grand Cation). 
Cariacas macrotU, 38, 78, 86. 
Carpodacus mexicanas ftt>ntali8, 40, 95. 
Castelleia (genus), 16. 
Cantor canadensis, 59. 
Gathartes aura, 38, 89. 
Catherpes mexicanus couspersus, 41, 100. 
Ceanotbus fendleri, 10. 

ovatns, 10. 
Cedar, Alligator-bark, 12, 120. 
Checkerbarlc, 12, 120. 
Groat Basin, 12, 35. 120. 
Western, 12, 120, 122. 
Cenwtinm alplnum, 7. 

behringianam, 9. 
arvense, 8. 
Ceroolabes uotsd, 76. 
Cercocarpus ledifolius, 35. 
CertbiafamiliarLs montana, 11, 100. 
Ceryle alycon, 92. 
Cbtetodipua (Bubgenus), 17, 19, 22. 
Chelidon erythrogaater, 98. 
Cbickadee, Mountain, 11, 41, 101. 
Chickaree, 10, 11. 19, 48-49, 79, 86. 
Chipmunk, Gila. 37. 51. 

San Francisco Mountain, 50-51,79,86, 90. 
Say's, 53-54, 86. 90. 
White-tailed, 51-53, 86. 
Chondestes grammaons strigatos, 96. 
Chordeiles virginiannahenryi, 92. 
Circus bndsonius, 89-90. 
Cistotborus palnatris, 100. 
Climate, 29-34. 
Cocanini Plateau, 35, 36. 
Coccothraustes vespertina, 10, 95. 
Cock, Chaparral, 17, 91. 
Colaptcs cafer, 39, 92. 
Colorado River (see Grand Cafion): 
Plateau, 5. 

Escarpment, 5. 
Mean elevation, 5. 
Southern limit, 5. 
Columba fasoiata, 89. 
Colymbus nigricollis californicus, 87. 
CoDtopua borealis, 11, 93-94. 
pertinax, 94. 
richardsonii, 12, 39, 94. 
Coot, American, 87, 88. 
Corallorhiza multlflora, 9. 
Coiinorhlnus (subgenus), 25. 
Corvus americanus, 94. 

oorax sinuatns, 15, 39, 94. 
Cottonwood, 120. 
Cougar, 38, 79, 86. 
Cowania mexicana, 12, 35. 



Coyote, 15, 38, 80-f 1, 86. 
Crane, Sandhill, 88. 
Creeper, Rocky Mountain, 11, 100. 
Crossbill, Mexican, 11, 40, 95. 
Crotalns, 16. 

oonfluentUB, 115. 
lucifer, 115. 
molossus, 115. 
scntnlatus, 115. 
Crotapbytua balleyi, 16, 103-106. 
collaris, 103, 104. 
gambeli, 105. 
siluB, 106-10«. 
wislizenii, 16, 105. 
Crow, Clarke's. 10, 94. 

common, 94. 
Cyanocephalus cyanocephalup, 12, 40, 94. 
Cyanocitta stelleri maorolopha, 11, 39, 94. 
Cynomys, (genus) 53. 

gnnnisoni, 5S-59, 86, 91. 
leucurus, 69. 
Cystopteris fragilis, 7. 
Dafila acuta, 87. 
Deer, Blaok-tailed, 88^ 78, 86. 
Delphinium barbatus torrd3ri, 93. 
Dendragapns obscoras, 10, 89. 
Dendruica lestiva, 98-99. 

auduboni, 11,40,09. 
gracitc, 99. 
nigrescens, 40, 99. 
occidentalis, 09. 
townsendi, 40, 99. 
Desert of Little Colorado : 

I tinerary of trips aoros^ 3-4. 
Altitude, 18. 
Batrachians, 16. 
Birds, ie-17, 87-101. 
Fossil wood, 14. 
Limits, 18. 
Mammals, 17, 22. 
Oiigin of fauna and flora, 21-2S. 
Physical features, 13-16. 
Rain, 82-34. 
ReptUes, 16. 
Temperature, 31. 
Vegetation, 14, 15-16. 
Dioorea brandigei, 15. 
Didelpbys (genus), 25. 
Dipodomys (genus), 17, 19. 

phillip8i,72. 
Dipodops (genus), 86. 

longipes, 71-73, 86. 
Distribution, causes determining, 2<(-38. 
Dove. Mourning, 38, 89. 
Draba aurea, 9. 

Dryobates villosus hyloscopns. 89, 92. 
Duck, Bald-pate, 87. 

Blue-wingod teal, 87. 
Mallard, 87. 
Pintail, 87. 
Ruddy, 87. 
Shoveller, 87. 
Eagle, Golden, 8, 39, 90. 
Eleodes (genus), 16. 
Empidonax difficilis, 12, 94. 
hammondi, 94. 
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Bpikedr» (gtnoB), 16. 
CpOobiiim aMdiiioiitaiiiuD, 0. 

i epixuthus, 10, 75-70, 8S. 
I poftilliia, 88. 
i mbida, 87. 
Entaini* vagrmna, 11&. 
Filoo ooliiiiil»ariiia» 90. 
mexicMiiia» 60. 
•fwrrerioa, 89, 91. 
FalooD, Prairie, 90. 
Falliigia parmdoza, 12. 

Faana aod flora of Painted Desert, oriKin, 21-22. 
San Francisoo Moniitaiii, ori- 
gin,20-21. 
FlMinal DiTtoions (See also Zones) : 
AUegbanian, 18. 
ADti]leaD,l& 
Arctic 18^ 2a^2L 
Aastroriparian, 18, 25. 
Boreal. 18, 19, 20. 22, 24. 
Califomian, 2S. 
Canadian, 10. 18, 19, 20. 
Carolinian, la 
Centna,17,19,2 -28, 24, 2ft. 
Chihnahnan. 1& 
Baatera, 17, 24,2s. 
FkMidian, 18. 
Great Basin, 25. 
Great Plains, 25. 
Hadsonian,18,19,20. 
Lonisianian, 18, 25. 
Lower Califomiaa, 26. 
Pacific, 24, 28. 
Sonoran,18,19,20,24,25. 
Tropical, 25-20. 
Western, 17, 25. 
Felia concolor, 88. 79, 88. 
Feataca brevifoUa, 8. 
Finch. House, 95. 
Fir, Balaam, 86, 120, 12L 

I>OQglas, 8, 10, 11, 86, 120. 121, 122. 
White, 86, 120, 121. 
White Cork-bark, 120-lil. 
Flicker, Bed-shafted, 39. 
Flycatcher, Hammond's, 94. 

Olive^ided. 11, 98-94. 
Western, 12, 94. 
Forest trees, fceneral report, 119-123. 
Ftaest. Cocanini, 35. 

Great Northern or Spraoe. 10-11. 
Pine, of San Francisco Mountain, 6, 119, 
121-122. 
Fosdl wood, 14, 15. 
Fox, 25. 

Ftasera spedosa. 11, 63. 
Folica americana, 87, 88. 
Gentiana affinis, 10 

barbellita,9. 
heterosepala, 10. 
teneUa,9. 
Oeoooocyx califomiaaos, 17, 91. 
Qeomys (genns),25. 
Oeothlypis macgiUivrayi, 41, 99. 

tricbas occidentalis, 41, 99. 
0«am rossii, 7-8. 
triflorum. 10. 



Gilia aj^gregata attenoata, 11. 

Glacial period, effects upon faonas and floras, 21-23. 

Glancidinm fnioma,91. 

Glyptostrobos (genus), 23. 

Gnatcatoher. Blae-gray, 12,41, 101. 

(Goldfinch, Arisona, 95. 

Arkansas, 40, 95. 
Gopher, Desert Pocket, 71, 

Pocket, 25, 38. 71, 79, 86. 
Goshawk, 10, 00. 

Grand Cftfion of Colorado (general report), 35-41. 
Birds. 38-41. 
General cbaractera, 35- 

37. 
Mammals, 22, 87-38. 
Reptiles, 22. 
Trees and slimbs. 12,35' 

86. 
Trip to, 4. 
Greasewood. 14. 15. 22. 36, 57, 93. 
Grebe, Eared, 87. 
Grosbeak, Black-headed, 40, 97. 

Evening, 10. 95. 
Groas^ Dosky 10, 89. 
Gms mexicana, 88. 
Habia melanocephala, 40, 97. 
Harporhynchns. 16, 100. 
Hawk, (>0]>er's, 38, 00. 
FUh. 39, 91. 
Marsh. 89-90. 
Pigeon, 90. 
Red.bellied. 90. 
Sharp-shinned, 38, 90. 
Sparrow, 39, 91. 
Swainson's, 00. 
Western Ked-Uil, 38, 9a 
Helmintbopbila celata latescens, 98. 

raflcapilla gutturalia, 98. 
Tirginiie, 98. 
Heron, Black-crowned Night, 88. 
Hesperomys e^eroica^ 17, 22, 37, 62-63, 83, 86. 
lencopas, 65. 

rufinns, 6-1-66. 86. 
sonoriensis, 37. 66. 
megalotlA, 37. 63-64, 86. 
traei. 64. 
Henchera mbescens, 0. 
Holbrookia roacnlata, 109, 110. 

approximaus, 109. 110. 
flavilenta, 16, 1U9-110. 
lacerata, 109, 110. 
propinqua, 109. 
Hamidity. 32-34. 
Hummingbird, Black-chinned, 93. 

Broad-tailed, 11, 39, OJ. 
Rufoua, 01. 
Hyla arenicolor, 117-118. 
Ibis, White- faced Gloaey, 88. 
Icterus bullocki, 95. 
lucisalia augustus, 18. 
Insects, 8, 16. 
Iris. 65. 

missouriensis, 69. 
Isolated types, 23-24. 
Itinerary, 3-4. 
Ives Expedition, 15, 92. 
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•Jay, LoDfs-crested, 11, 80, M. 
Pifion,12,40.M. 
Woodhouee's, 12, 39, 94. 
Jnoco, Arizona, 96. 

Gray -headed, 96. 
Oregon, 96. 
Red-baoked,12,40,96. 
Jnnco canicepB, 96. 
cinerens, 96. 

dorsalis. 12, 40, 96. 
palliatuB, 96. 
hyemalis oregonas, 96. 
Juniper, 12, 120, 122 (see also Cedar). 
Joniperus califomica utahensis, 12, 35, 120. 

occidentalis monosperma, 12, 120, 122. 
pachyphloea, 12, 120. 
Cendriclc Peak, 5, 33. 
.Cerivoola (genns), 46. 
:OIdeer,89. 

JCingbird, Casain's, 39, 93. 
JCin.'fisher, Belted, 92. 
ICinglot, Golden-crowned, 101. 

Ruby crowned, 11, 41, 101. 
i«aniaB ludovicianns excabitoridea, 40, 98. 
I^rk, Homed, 94. 
J^athyruB arizouicus, 0. 
Lazala Bpadicea parvitlora, 9. 
Linnet, Pine, 11, 95. 
Lepus arixonas, 38, 76-78, 86. 
bachmani, 77. 
texianus, 38, 76, 86. 
Life nreati of Arizona, 20. 
Lion, Mountain, 38, 79, 86. 
Lizanls, IS, 16, 22. 
Locast, Dwarf, 12, 35, 36. 
toxia curvirostra stricklandi, 11, 40, 95. 
Lupinns capitatns, 15, 16. 
Lutra bndaonica, 85. 
Lynx bailoyi, 38. 70-80, 86. 

rufus, 80, 81. 
Magpie, 94. 
Mallard, 87. 

Malva-strnm (genns), 16. 
Mammals, general report^ 43-86. 
Mammals, new species described <ll8t follows) : 
A^ioola alticolas, 67-69. 
Dipodops longipes, 71-73. 
Hesperoroys lencopus rtifinas, 64-66. 

megalotis, 63-64. 
Lynx baUeyi, 79-80. 
Mephitis estor, 81-82. 
Onychomys fuliginosos, 59-61. 

melanophrys pallescens, 61-62. 
Perognatbas fuliginosas, 74. 
Sorcx montlcolos, 43-44. 
Spilogale gracilis, 83-84. 
Sperroophllns cry ptospilotus, 67-58. 

spilosoma obsidianus, 56-57. 
pratensis, 55-56. 
Tamlas lencums cinnamomeas, 51-53. 
Yespertilio melanorhinns, 46-47. 
Mammals of Arctic* Alpine zone, 85-86. 
Boreal zone, 19, 86. 
Canadian zone, II. 19, 86. 
Grand Cafion, 22, 37-38. 
Mammals of Hudsonian zone, 10, 10, 86. 



MammaU of Painted Desert, 17, 22. 80. 
Pine zone, 11,86. 
Pifion zone, l:s-18, 86. 
Martin, 98. 
Meadowlark, 95. 
Megasoops flammeolus, 39, 01. 
Melanerpes formioivoras bairdi, 89. flS. 

torqnatns, 39, 92. 
Meleagris gallopavo mexicana, 89. 
Melospiza fasciata fallax, 97. 

montana, 07. 
linoolni,40,07. 
Mephitis estor. 81-82, 86. 
mephitioa,82. 
oeoidentalis, 82. 
Memla migratoria propinqna, 41, 101. 
Mertensia panionlata, 9. 
Mioropos melanolencua, 39, 92. 
Mimas polyglottos. 100. 
MirabiUs maltiflora, 16. 
Mockingbird, 100. 
Mole, 24. 

Moneses oniflora, 0. 
Mountains : 

BiU Williams. 5. 
Eendrick. 5. 88. 
O'Leary, 5. 

San Francisco, 20. 31. 83, 84, 36. 
SitgreaTSH, 5. 
Mouse, Apache Pocket, 73. 

Baird's Pocket, 60. 78-74. 

Big eared, 17, 22, 87, 6240, 88. 86. 

Desert BcoriiioD, 56, 614B. 

White-footed, 66. 
Dusky Pocket, 74, 86. 

Scorpion, 56. 50-61, 74, 80. 
Field. (See Vole.) 
Grasshopper, 10. 
Intermediate Pocket, 88, 74-75. 
Leaf eared Cliff, 37, 68-64. 86. 
Pocket, 17, 19, 22, 86. 
Silky Clifl; 17, 22, 87, 62-63, 83,80. 
White^footed, 37, 64-66, 86. 
Wood house's Pocket, 74. 
Myadestes (genus), 11. 

townsendii,ll,l02. 
Neotoma (genus), 25. 

mexicana, 37, 67, 8a 
Netlrotrichus (genus), 24. 
Nighthawk, Western, 92. 
Nuthatch, Pygmy, 12, 41, 100. 
Redbellied, 100. 
SlenderblUed, 41, 100. 
Kyctala acadica, 01. 
Nycticorax nyctioorax mevlus, 88. 
Nyctinomus (genus), 17, 26, 86. 

braailiensis, 47-48, 86. 



Oak, 36, 119. 



/ 



Ochetodon (genus), 25. 
Onychomys (genus), 19. 

f aliginoaus, 13, 50, 60-61, 74. 86. 

leucogaster, 61. 

longipes, 61. 

melanophrys pallesoens, 56; 61-02. 
Opossum, 25. 
Opuntia, 36, 52. 
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Oriole, BnllookX 95. 

Oroseoptea montanns, 10, 17, 100. 

Orjzomys Oceniu), 25. 

Osprey, 30, 01. 

Otoooris alpestris arenicola, 01. 

Otter, 85. 

Ovia caudentia, 8. 10, 38, 78-70, 85. 

OwU Barrowlng. 18, 17, L 

Doaky Great-hoined, 10, 30, 87, 01. 

fnammnlated Screech, 30, 01. 

Great- horned, 01. 

Long-eared, 01. 

Sawwhet, 01. 
Western Homed, 01. 
Ozybftphas angnatifolina, 11. 
Oxyria digyna. 7. 
Oxytienia aceroaa, 15. 
Oxytropu lamberti, 11. 
Painted-cup, 16. 
Painted Deaert: 
Altitude, 13. 
Birds, 10. 
Foaail wood, 14. 
Itinerary of trips across, IM. 
Mammals, 17, 22. 
Origin of fauna and flora, 21-22. 
Peculiar aspects, 14-16. 
Physical fealores, 13-15. 
Position and boundaries, 13. 
Rain, 82-34. 
Reptiles, 16. 
Temperature, l-i-lS, 31. 
Toads, 16. 
Vegetation, 15-16. 
Pandion halhiStuB carolinensis, 30, OL 
Panther, 70. 
Partridge, Gambers, 80. 
Pama gambeli, 11, 41. 101. 

inomatns griseus, 12, 41, 100. 
Paaaerella iliaoa schistacea, 07. 
Pedioularis parryi, 0. 
Pentatemon barbatns torreyi, 11, 58, 03. 

glaucns Btenosepalus, 0. 
Perogoathns (genus), 17, 22. 86. 
apache, 73, 80. 
flavus, 60, 73-74, 86. 
fbliginosus, 13, 74, 86. 
intennedius. 38. 74-75, 86. 
penicillatus, 74. 86. 
Petroohelidon Innifhins, 08. 
Pencsea ruflceps boucardi, 16. 22, 40, 07. 
Pewee, Western Wood, 12. 30, 04. 
Pbahcnoptilus nuttali, 12, 02. 

nitidns. 02. 
Pbalarope, Northern, 88. 
Pbalaropus lobatoa, 88. 
Phlenm alpinum, 0. 
Pboebe.Say'a,30,03. 
Phrynosoma (genus), 55. 

brevlrostre, 113. 
dougUtssii, 112, 113. 

pygmsea, 112,11a. 
hemandesi, 12, 112-115. 
omatissimuro, 16. 113, 115. 
Pioft pica budsonica, 04. 



Pioea eng^manni, 6, 8, 0, 121, 122. 

pnngens, 121. 
Pioioorms colambianns, 10, 04. 
Piooides americanus dorsalis, 11, 02. 
Pigeon, Band-tailed, 80. 
Pine, Fox-tail. 6, 8, 0, 75, 122. 
Kut, 6, 12, 35, 62, 08, 122. 
White, 10. 11. 40, 121, 122. 
Yellow, 6, 11, 36, 40, 03, 1», 121-122. 
Pmon.6,12,35,62.08.122. 
Pintail, 87. 
Pinus aristata, 6, 8, 0, 75, 122. 

ednlis, 6, 12. 35, 62, 08, 122. 
flexilis,ll. 

macrocarpa, 10. 40, 121, 122. 
monophyUa, 122. 

ponderoaa, 6, 11, 36, 40, 03. 120, 121-122. 
Pipilo ohlorurus, 40, 07. 

maonlatus megalonyx, 40. 07. 
Pipit, American, 0, 00. 
Piranga, hepatica, 07, oa 

Indoviciana, 1 1, 40, 07. 
Plants, Alpine sone, 7-8. 
Canadian sone, 10. 
Desert, 15-16. 
Pine belt, 11. 
Sub- Alpine Bone, 0. 
Plecotus (genus), 25. 
Plegadis guaranna, 88. 
Polemoninm confertum, 8. 
Polioptila cflBmlaea, 12. 41, 101. 
Poocsetes gramineus conflnis, 40, OS. 
Poor-wiU, Nuttall's, 12, 02. 

Frosted, 02. 
Popnlus trerouloides, 11, 120, 121, 122. 

monilifera, 120. 
Porcupine, Yellow-haired, 10. 75-76, 86. 
Porzana Carolina, 88. 
Potentilla, dissecta, 0. 

f rnticosa, 10. 
Prairie Dog, 53, 58-50, 86, 01. 
Primula parryi, 0, 67. 
Progne subis, 08. 
Psaltriparus plumbeus, 12, 101. 
Psendotsuga douglasli, 6, 10, 11, 36, 120, 121, 121 
Pteris aquilina, 120. 
Putorios, 8,81,85. 
Pyrola chlorantha, 0. 
QuercQS gam belli, 36, 110. 
Rabbit, Arisona Cotton-tail, 38, 7^78, 86. 

Jack. 38, 76, 86. 
Rana areolata, 11& 

Tirescens brachycephala, 118. 
Rat, Cotton, 25. 
I Kangaroo, 17, 10, 71-73, 86. 

I Ronnd-tailed Wood, 25, 37, 67, 86. 

Rattlesnake, 16, 115. 
' Raven, 16, 30, 04. 
i Recnrvirostra americana, 88. 
I Regulns calendula, 1 1 , 4 1, 10 1 . 
: satrapa. 101. 

' Reptiles, general report, 103-115. 
' Reptiles, new species described (list follows): 
! Crotaphytus baileyi, 103-105. 
silns, 105. 
Sceloporus elongatus, 111-112. 
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RiptUaa: 

Uta levis, 108. 
palmeri, 106. 
Reptiles of Desert of Little Colorado, 16. 
Fine belt, 12. 
PifiOD belt, 13. 
Rhus aromatica trilobata, 12, 52. 
Ribes msbyi, 10. 
setoeum, 9. 
Ridellia tagetina, 16. 
Ring-tailed Cat. 38, 85. 
Road-runner, 17, 01. 
Robin, Western, 41, 101, 
Robinia neo-mexicana, 12, 35, 86. 
Sage-bmsh, 22, 35. 37, 93, 08. 
Sl^(ina linniei, & 
Salicomia (genus), 14. 
Salpinctes obsoletos, 41, 100. 
Sandpiper, Batrd's, 88. 
Least, 88. 
Semipalmated, 88. 
Solitary. 88. 
Spotted, 88. 
San Francisco Mountain: 
Altitude, 5. 
Climate, 2»-34. 
G^eral features, 5-4. 
Humidity, 32-34. 
Life zones, ^11, 19. 
Origin of fauna and flora, 20-21. 
Siise.6. 

Temperature, 20, 32, 
Trees, 8-lL 
Yegetation, 7-11. 
Saroobatus vermicnlatus, 15. 
Saxiftaga ccespitosa, 7. 
debilis.8,9. 
flagellaris, 7. 
niyalis, 7. 
Sayornis saya, 89, 93. 
Soaptonyx (genus), 24. 
Sceloporus boconrtii, 112. 

clarkil,22,110-m. 
consobrinus, 13, 111, 112, 113. 
elongatus,16,lll,112. 
graciosus,]6,lll,112. 
undulatns, 112. 
Seinrus (genus), 53. 

aberti, 11. 37, 49-60, 86, W). 
fremonti mogollonensis, 10, 11, 19, 48-49, 
79,86. 
Sooleoophagus cyanocephalus, 95. 
Sedum rhodanthnm, 9. 
Sequoia gigantea, 23. 
langsdorfli, 23. 
sempervirens, 23. 
Sheep, Mountain, 38. 7a-79. 85. 
Shoyeller, 87. 

Shrew, Mountain, 10, 11, 43-44, 86. 
Shrilce, Wbite-rumped, 40, 98. 
Shrubs. Grand CsfSon. 12, 35, 36. 

Pifion belt, 12. 
Sialia arctica, 101, 

mexicana, 41, 101. 
Sibbaldia procumbens, 7. 
Sigmodon (genus) , 25. 



Silene aoaulis, 8. 
Siskin, Pine, 95. 

Sitgreaves Expedition, 74, 75, 98. 
report, 128. 
Mount, 5. 
Sitta canadensis, 100. 

carolinensis aculeata, 41, 100. 
pygmiea, 12, 41, 100. 
Skunk, Common, 81-82, 86. 

Little StHped. 22, 25. 38, 83-&1. 
Slope-exiKwnre, 27, 28, and plates 1 and "2. 
Solidago multiradiata, & 
Solitaire, Townsend's, 11, 102. 
Sora,88. 
Sorex (genus), 10, 19,24. 

montioolns, 11, 48-44, 86. 
Sparrow, Black-throated Desert, 16, 96. 
Boucard's,16.22,40,97. 
Brewer's, 16, 96. 
Desert Song, 97. 
Intermediate, 96. 
Lincoln's, 40, 97. 
Mountain Song, 97. 
Nevada S^e, 16. 
Sage, 96-97. 
SIate«colored, 97. 
Tree, 96. 

White-crowned, 40, 96. 
Western Chipping, 40, 96. 
Western Lark, 96. 
Western Savanna, 95. 
Western Vesper, 40, 95. 
Spatula clypeata, 87. 
Spea (genus), 16. 

hammondi, 117. 
Speotyto cunioularia hypog»a, Ifi, 17, 9L 
Spermophile, 53, 58. 

Desert, 57-^. 
Dusky Spotted, 5^-57. 
Park, 55-66. 
Rock. 12, 87, 58, 86. 
Spotted, 67, 00, 86. 
Spermophilns (genus), 53. 

cryptospilotus, 57-58. 
gnunmnms, 12, 37, 58, 86. 
spUosoma, 57, 60, 86. 

obsidianus, 13, 56-57. 
pratensis, 55-56. 
Sphyrapious thyroideas, 30, 92. 

varins nuch^is, P2. 
Spilogale (genus), 22, 25. 

graoUis, 88, 83^84. 
putorius, 83-84. 
Spinus pinus, 11, 95. 
psaltria, 40, 95. 

arizonse, 95. 
Spinea discolor dnmosa^ 12. 

millefolium, 12. 
Spixella breweri, 16, 96. 
montioola, 96. 
sooialis arizonie, 40, 96. 
Spruce, Engelmann's, 6. 8, 9, 121, 122. 
Squirrel, 53. 

Abort's, 11. 37, 49-50, 86, 90. 
Antelope, 51-63. 
Gray. 49. 
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Squirrel, Groand, 58. 

Bed, 10, 11, 10, 48-40. 70, 88. 
Bock, 12. 37. 
Say's Gruund, 53-5i, 86. 
White-tailed. 51-^. 
SteUaria umbellata. S. 
Stnmella neglecta, 06. 
Swallow, Barn. 08. 
CUff. 08. 

Yjolet-green, 40, 08. 
Swift, White-throated, 30, 02. 
Sylvania puailla, 00. 
Tach jcineta thalassina, 40. 08. 
Tamiaa, 53. 

ciDereicollia. 50-51, 70. 86, 00. 
dorsalis, 87. 51. 
lateralis, 53-54. 86. Oa 
leacurns, 52. 

leuouma cinnamomenii. 51-53, 86. 
Tanager. Hepatic, 07-08. 

Looiaiana, 11,40,07. 
Taxidea amerioana, 85, 86. 
Taxodinm (genus), 23. 
Teal, Blae-winged, 87. 
Temperature, 20-32. 

decrease with altitude and latitude, 

30. 
factor in distribution of species, 
26-28. 
Temperatures of the life xones, 32. 
Tetrad jroia canescens, 15. 
Thlaspi alpestre. 8. 
Tbomomys (genns), 60. 

falvus, 88. 71, 70, 86. 
perpallidns, 71. 
Thiaaher. 16. 100. 

Sage. 16. 17. 100. 
Thrush, Audubon's Hermit, 11, 101. 
Tit, Gray.tuflcd, 12, 41, 100. 
Titlark, 0, 00. 

Titmouse, Gray, 12, 41, 100. 
Toad, 16, 117. 

Homed. 12, 16, 55, 112-116. 
Totanos solitarius, 88. 
Towhee, Green tailed. 40.07. 

Spurred, 40, 07. 
Trees, general report, 110-123. 
Canadian zone, 6, 10. 
Grand Cafion, 86-36. 
Hudsonian zone, 6, 0. 
Pine zone, 6, 11. 
Pifion zone, 6, 12. 

Sub-alpine or timber-line zone, 7. 8. 
Tringa bairdii. 88. 

minutllla. 88. 
Trisetnm subspicatum, 7. 
TrochUus alexandri, 03. 

platycerons, 11, 30. 03. 
rufos, 03. 
Troglodytes aedon astecus, 100. 
Trisetum subspicatum. 7. 
Tardus aonalaschkie anduboni, 11. 101. 
Turkey, Mexican, 80. 

Vulture, 38, 80. 
Tyrannus vociferans, 30, 03. 
Urocyon (genus). 26. 



Uropsilus (genus), 24. 
Urotrichus (genus), 24. 
Ursus (genus). 10, 10. 
Ursns americanus, 85, 86. 

horrl bills. 85. 
Uto levls. 10& 

omata, 13. 107-108, 111. 118. 
palmeri, 106. 

stansburiana, 16, 106-107. 
symmetrica, 22, 107, 108-100. 
Veronica alpina. 0. 
Vesperugo fuse us, 87, 44. 

hespems. 87, 45, 86. 
Vespertilio ciliolabmm, 46, 47. 
evotis. 46. 
lucifngns, 46. 
melanorhinua. 46-47. 
I nigricans, 47. 

I Viola canadensis scopulorum, 10. 
I Vireo. Cassin s, 40. 08. 
I Gray. 40. 08. 

I Plumbeous, 08. 

j Western Warbling, 08. 

I Vireo gilvus swainsoni. 08. 
I solitarius cassinii. 40, 08. 

' plumbeus, 08. 

! vicinior, 40, 08. 

I Vole, 10, 10. 
I MogoUon, 11, 60-70, 86. 

MouuUin, 11. 67-60, 70, 86. 
Vulture, Turkey, 38, 80. 
Warbler, Audubon's. 11, 40,00. 

Black-throated Gray, 40. 00. 
Calayeras, 08. 
Grace's, 00. 
Hermit, 00. 
Lutescent, 08. 
MacgilUvray's, 41, 00. 
Townsend's. 40. 00. 
Virginia's, 08. 

Western Yellow-throat, 41, 00. 
Wilson'f, 00. 
Yellow, 08-00. 
Waxwing, Cedar, 40, 08. 
Weasel, 8, 81. 85. 
Wildcat, Eastern, 80. 81. 

Plateau. 38. 70-80, 86. 
Woodpecker, Cabanis's, 39, 02. 
Californian, 39, 02. 
Lewis's, 39, 02. 
Rednaped, 02. 
Red-shafted. 02. 
Three-toed, 11,02. 
Williamson's. 39, 02. 
Wren, Cafion, 41, 100. 

Long-billed Marsh, 100. 
Rock, 41, 100. 
Western House, 100. 
Yucca, 14. 

august! folia, 12, 15. 
baccata, 12, 35, 36. 
Yucca, Narrow-leaved, 12, 15. 
Zeoaidnra macroura, 88, 80. 
Zinnia grandiilora, 16. 
Zones: 

Alpine, 7, 19. 20. 31. 32. 
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Zones: 

Alpine, altitude, 7. 

birds, & 

mammals, 8. 

plants, 7-8. 
Arotio-Alpine, 10. 
Canadian or Douglas Fir, «, 10. II. IB, 19. 20, 32. 

altitade, 10. 

batrachians, lu. 

birds, 11. 

mammals, 11, 19. 

trees and plants. 10. 
Cedar or PiBon (see Pifion). 
Desert, 6, IS-W, 19, 20, 32. 

altitade, 13. 

batracbians, 16. 

bird^ lft-17. 

insects, 16. 

mammals, 17, 22. 

reptiles, 16. 

trees and plants, U, 15-16. 
Hadsonian or Spruce, 6, 9, 19, 20, 32. 

altitade, 9. 

birds, 10. 

mammals, 10. 



Zones: 

Hadsonian or Spmce, trees and piaota, 9. 
Pine. 6, 11. 19, 20, 32, 33. 
altitude. 11. 
birds, 12. 
mammals, 11. 
reptUes, 12. 
treen and plants, 11. 
Pifion or Cedar, 6. 12. 17. 19, 20, 80. 31. 32. 
altitade, 12. 
birds. 12. 

mammals, 12-13,19. 
reptiles, 13. 

trees and sbrubs, 6. 12. 
Sab-alpine or Timber-line. 6. 8, 19. 20, 31, 32. 
altitude, 6,8. 
birdA,9. 
mammals, 19. 
trees and plants, 8-9 
Zones at Grand Cafion, 36-37. 

interrelations and affinities, 17. 
Zonotricbia intermedia, 96. 

leocopbrys, 40, 96. 
Zygadenas elegans, 9. 
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PLATE I. 

Diagramniatic profile of San Francisco Mountaiu and 0*Leary Peak from sonth- 
west to northeast, showing the several life-zones and effects of slope-exposure. 

Slope exposure is the inclination of the surfa ce of the earth in relation to the 
angle of reception of the son's rays. Th e sun strikes the northeast and east sides of 
a hill or mountain early in the day, before the heat is very great; the south side at 
noon when the heat is greater: the southwest and west sides in the afternoon 
when the heat is greatest, and the northwest and north about sundown or not at alL 
It follows that the southw est side of a hill or mountain receives the sun's rays at 
nearly a right angle during the hottest part of the day, and consequently is the 
hottest side. The higher temperature on the southwest side causes the zones to rise, 
and conversely, the lower temperature on the north and northeast sides — ^the ooldest 
exposures— causes them to dip down. The normal difference in altitude of the same 
zone on the southwest and northeast sides of San Francisco Mountain was found to 
be^about 275 meters, or 900 feet. 
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PLATE II. 

Diagram showing effects of slope>exposiire on a volcanic cone north of San Fran- 
cisco Mountain. 

This cone is in the pine belt, its base being above the level of the pifion or cedar 
belt; yet its south and west slopes are covered with pifion and cedars to the 
exclusion of the tall pines which cover its north and east slopes as well a^ the 
surrounding plain. This is the result of stope-exposure, the sun's rays striking the 
south and west sides at such a sharp angle as to increase the temperature sufficiently 
to permit the growth of trees normally restricted to lower levels. 
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DIAGRAM SHOWING EFFECTS OF SLOPE EXPOSURE ON A VOLCANIC 
CONE NORTH OF SAN FRANCISCO MOUNTAIN. 
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PLATE in. 

FigB. 1,2, 3, and 4, Hesperomys megalotia Merriam (No. \mi),^ ad. Painted Desert, 
Arizona. Type. 

1. Crowns of left npper molars from below (XlO). 

2. Crowns of left lower molars from above ( XlO). 

.3. Crowns of left upper molars from the oatside ( X 10). 

4. Crowns of left lower molars from the oatside (XlO). * 

Figs. 5, 6, 7, and 8, Hesperomya leucopus rujinus snbsp. nov. (No.f4^0>9 ad. San 
i'Yanoisco Mountain, Arizona. 

5. Crowns of left upper molars from below (XlO). 

6. Crowns of left lower molars from above ( XlO). 

7. Crowns of left upper molars from the outside (XlO). 

8. Crowns of left lower molars from the outside (XlO). 

NoTB. — In this and the following plates the numbers in parentheses are those of 
the U. S. National Museum, unless the contrary is stated. 
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PLATE IV. 

Figs. 1, 2, 3, and 4, skull of JTeHperomys megalotis Morriam (No. flg^J), <J ad. 
Painted Desert, Arizona. Type. 
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PLATE V. 

Figs. 1 and 2. Skall o{ Anncola alticolus Merriam (No. HJH) 9 ^' ^^ Francisco 
Moautain, Arizona (X 2). 

Figs. 3 and 4. Skull of Arvicola mogollonetms Meams (No. ff ^JX) ^ ^- ^^ Fran- 
cisco Mountain, Arizona ( X 2). 

Figs. 5,6, and 7. Skull of Ferognathus intermedius Merriam (No. )4fff) (^ad* 
Grand CaQon of the Colorado, Arizona ( X li). 
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PLATE VI. 

l,*i. Arvicola allicoUis 'iiGrriam^ 9 ad. (No. ff^H)* San Francisco Monntain, Arizona. 
Type, 

1. Upper nmlar series. 

2. Lower molar series ( X 10). 

3,4. Arricola aliioolus Mevri Amy ^ ad. (No. ^^^{2). San Francisco Moontain, Arizona. 

3. Upper molar series. 

4. Lower molar series ( X 10). 

5,6. Arvicola mogollonenaia Meams, ^ im. (No. yjf Am. Mus. Nat. Hist.). Baker 
Butte, MogoUon Mesa, Arizona. Type, 

5. Upper molar series. 

6. Lower molar series ( XlO). 

7,8. Arricola mogoUonensis MeATnSf ^ {^o. !HS?)< San Francisco Mountain, Arizona. 

7. Upper molar series. 

8. Lower molar series ( XlO). 
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Plate VI. 




1-4. Arvicola alticolus. 



5-8. A. inogoUmieiiais. j 
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PLATE VII. 

Skull of /y«pw8^exiani4»Waterhou8e (No. ffH2)» 9 ad. San Francisco MoantaiD, 
Arizona. (Natural size. ) 
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PLATE VIII. 

Skall of Lepus arizonce Alleu (No. f 4SH) t ? *^* Sau Franoisoo Moantain, Ariflona, 
(Natural size). 
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Plate VIII. 
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PLATE IX. 

Figs. 1, 2, and 3, skull of SpermopAilns vryptoapilotua Merriam (No. Hfji), ^ ad. 
Paiiitt*(i Desert, Arizoua. Ttfpe. (1| natural size.) 

Figs. 4, r>, r>, and 7, skull of Ciftiomys gunnUoni Baird (No. ^fjj^), 9 ad. San Fran- 
cisco Mountain, Arizona. (Natural size,) 
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PLATE X. 

Figs. 1,2, 3, and 4, skull of Mephitis estor Merriani (No. ^'Hi)1 S a<l- ^^^^ Francisco 

Mountain, Arizona. (Natural size.) Type, 
Fiijs. 5, 6, 7, and 8, skull of Xeotoma mexicana Baird (No. tlgj?), (J ad. San ; raucisco 

Mountain, Arizona (natural size). 
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PLATE XI. 

Lynx haileyi Merriam (No. ^4?'is)» 9 a^l. San Francisco Mountain, Arizona. (Two 
thirds natural size.) 
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Lffiij- htiih i/i sp. ii(»v,. '^.olil 'i iiat. size). 
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PLATE Xn. 

(All natand size.) 

1. (15821) Crotaphytus haileyi Stejn. Tifpe, Little Colorado Desert, Arizona. 

2. (9368) Croiaphyius collaris (Say). Verdigris River, Arkansas. 

'X (15818) Phrynosoma amatissimum (Gir.). Little Colorado Desert, Arizona. 
4. (15802) Phrynosoma hemandeH (Gir.). San Francisco Mountain, Arizona. 
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1. Crotaphytus haileyi. 2. C. collaria. 3. Phrynosoma omatissimum. 4. P. hertiaiidesi 
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PLATE Xm. 

Map of the Uuited States showlDK localities from which specimeoB of Crotapkftu$ 
haile^ and C. oo(Zam have been examined. 
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MAP I. 
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MAP 5. 

PROVISIONAL BIOLOGICAL MAP OF NORTH AMERICA^ SHOWING PRIN- 
CIPAL LIFE AREAS. {PREPARED IN JANUARY, 1890.) 

[See Pages 24-26.] 

The areas indicated in different colors are not of eqnal valae. The 
Boreal Province, as shown on the map in one color (green), is the 
equivalent of the Sonoran Province, which is shown in six colors, one 
for each of its principal divisions, as follows : The Sonoran proper, 
the Austroriparian, the Great Plains, the Great Basin, the Oalifomian, 
and the Lower Californian. The Boreal Province comprises three zones — 
Subalpine or timber-line, Hudsonian, and Canadian— each of which 
undergoes certain changes in passing from the Atlantic to the Pacific, 
but onr knowledge of the region is too vague to justify an attempt 
to show the resulting divisions. 

The Carolinian Fauna is a northward extension of the Austroripa- 
rian, while the Alleghanian is neutral ground between the latter and 
the southernmost division of the Boreal Province (the Canadian Fauna). 
The data thus far accumulated do not admit of tracing the boundaries 
of these minor subdivisions or their equivalents in the West 
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CO^'TRIBUTION TOWARD A REVISION OF THE LITTLE STRIPED SKUNKS 
OF THE GENUS SPILOGALE. 

WITH DESCRIPTIONS OF SEVEN NEW SPECIES. 



By Dr. C. Hart Merriam. 



The number of specimens of Spilogale at present available for study 
and comparison is wholly insufficient to warrant a final attempt to es- 
tablish and define the North American species and subspecies; at the 
same time it is ample to demonstrate the absurdity of Mumping,' under 
one specific name, as is now the practice, all the forms inhabiting the 
United States, from Florida to California. 

The present paper is based on the study of 39 skins and 38 skulls, de- 
rived from the following sources: U, S. National Museum, 8 skins and 
9 skulls; Department of Agriculture series, 12 skins and 11 skulls; 
Merriam collection, 19 skins and 18 skulls. 

The examination of this material shows that the members of the genus 
may be readily separated into two divisions, according to the general 
shape of the skull; one having the cranium broad and flat, with the 
fronto- parietal region depressed, presenting the extreme of differentia- 
tion of the genus ; the other with the cranium narrower and more 
highly arched and the frontoparietal region somewhat elevated, ap- 
proaching the normal Mephitine type. The members of the latter 
division inhabit the Gulf States and Mississippi Valley, extending as 
far westward (at least) as Trego County, Kaiis. ; the members of the 
former inhabit the Sonoran region of the west, from central Texas west- 
ward through New Mexico and Arizona to California, extending south to 
Cape St. Lucas and north to British Columbia and the Great Basin. 

The eastern group, so far as represented in the meager series at hand, 
comprises three species, one inhabiting Florida, one Alabama, and one 
Kansas, How far the limits of dispersion of each form extend, and 
wjietber or not any of them intergrade, are questions th^t can not b§ 
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settled until specimens from intermediate looalities are examineil. The 
Florida form is the smallest and whitest ; the Kansas form is the largest 
and blackest. 

The western group comprises at least three species and two or three 
subspecies, but, considering the great extent of the area it inhabits, is 
even less fully represented in available specimens than the eastern. 
One species inhabits south-central (and western ? ) Texas ; one Arizona 
and southern California ; and one the southern part of the peninsula of 
Lower California. 

In the genus ISpilogale, as in the allied genera Mephitis and ConepatuSj 
the range of individual variation is considerable, though by no means 
so great as has been assumed. The principal variables are four, namely, 
(1) cranial characters ; (2) dental character.^ ; (3) length of tail; (4) color 
markings. As a rule the variation in each species is between definite 
limits which may be defined. 

The males are much larger than the females and have considerably 
longer tails. 

Color and markings. — The color markings are constant in pattern 
throughout the genus, the only variation being in the quantity of white, 
the widest extremes being the result of the extension or suppression of 
some of the markings. In the young the ground color is intensely black 
and the markings are pure white. As age advances, the markings be- 
come creamy yellow, and in worn states of the pelage and old museum 
specimens the black becomes dull brown. 

General remarks on cranial cliaracters and variation. — As already 
stated, there are two well-marked groups in the genus Spilogale — oae 
having the cranium broad and flat, with the fronto-parietal region de- 
pressed to the general plane of the toj) of tbe skull ; the other having 
the cranium relatively narrow and more highly arched, with the fronto- 
parietal region somewhat elevated. (Sec figs. 1 and 2.) 





I'"IG. l.^Transverse section of BkuU of Spilo<jale Fio. 2.— Transverse section of skull of Spilogale 

gracilis. ringetiM. 

The angle of divergence of the lateral series of teeth is greater in the 
narrow than in the broad skulls. As a rule, the postpaldtal notch 
reaches the ])lane of the molars in the narrow-skulled forms, and falls 
short of this plane in the others. As a rule, also, in the narrow-skulled 
forms, the first and second upper premolars are not crowded, do not 
overlap, and are wholly in the tooth-row, while in the broad-skulled 
forms they are much crowded and ])artly overlap, or the first is turned 
obliquely or sideways to give the succeeding tooth more room. 
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The degree of inflation of the mastoids varies greatly in the species 
of both groups, and is not always proportional to the intermastoid 
breadth of the craniam. Thus, in the type of S, lucasana, in which the 
inflation is only moderate, the ratio of mastoid breadth to basilar length 
of Hensel is 69.3, while in S, leucopariaj which presents the maximum 
of inflation, the ratio is only 66.8. In some species the Inflated mastoid 
is set off from the upper surface of the cranium by a distinct change of 
direction in the bone, or even by a well- marked groove or sulcus, while 
in others no such line of demarkation exists. The upper part of the 
inflated mastoid is covered by the squamosal, the outer edge of which, 
in the broad-skulled species, usually forms a sharp ridge along the 
outer side of the mastoid capsule. In S. Jeucoparia, however, this ridge 
is obsolete. The two species having the largest (most inflated) capsules 
are S. leucoparia of central Texas, and S. ptUorius of Florida. The de- 
gree of inflation varies somewhat with fige, being greatest in young 
adults or middle-aged individuals and least in those of advanced age. 

The postmolar production of the palate varies somewhat with age 
and Bex. Thus, in two adult skulls from Provo, Utah, the postpalatal 
notch reaches the i>lane of the molars in the female, but not in the male. 
As a rule, it reaches the plaue of the molars in'the narrow-skulled forms, 
and falls short of this plane in the broad skulls. 

The horizontal ramus of the jaw is nearly straight in all the flat 
skulle4 forms except lucasana ; it is strongly convex below in hicasana 
and in all the narrow-skulled forms. 

The size, shape, and proportions of the sectorial teeth and of the 
upper molar afford excellent specific characters. The postorbital part 
of the frontal narrows with age. In the adults of some species there is a 
marked postorbital constriction, while in others no trace of it exists. The 
value of thisexcellent character is often destroyed by large asymmetrical 
postorbital swellings resulting from the presence, in the frontal sinuses, 
of a worm-like endoparasitic arachnid of the genus Pentastoma, Some 
species have distinct, peg-like postorbital processes, which in others are 
represented merely by slight protuberances. 

Young skulls, compared with adults of the same species, are more 
highly arched, the brain case is more inflated, and the zygomatic arches 
are less spreading. The sectorial teeth and molars are sometimes actu- 
ally larger than in old specimens, for the reason that the teeth com- 
plete their growth very early, and in old age become smaller by the 
wearing away of the crowns. 

The bones of the skull unite very early, as usual in the Musfelido', 
all the sutures disappearing during the first few months. 

Cranial and dental measurements and ration, — The time has not yet 
arrived for fixing the limits of individual variation in any group of the 
Mammalia, When a series of a hundred or more skulls of a single species 
from a single locality, of the same sex and approximately the same age, 
shall have been carefully measured and the ratios of these measorements 
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calculated, a beginning will have been made. Until then, the relative 
valnesof the varions measurements and ratios as factors in determining 
specific and subspecific diflferences must remain more or less problemati- 
cal, as well as the percentage of variation in each. The tables prepared 
with so much care by the late Reinhold Hensel (in Craniologische Stu- 
dien*) are of little value becafise the localities from which the speci- 
mens came are not stated, and it is probable in many cases that several 
geographic races or subspecies are Mumped' under one name. 

The present paper, which is not put forward as more than a step 
toward the attainment of a knowledge of the Little Striped Skunks, 
contains a table of the cranial and dental measurements and ratios of 
most of the adult (and a few immature) skulls to which I have had ac- 
cess. Many of the measurements, and more of the ratios, are worthless ; 
and the table is published as much to show these as those which are 
really important. 

In comparing one species with another, adult skulls only should be 
selected and they should always be of the same sex. 

The value of measurements and ratios of the postorbital constriction 
is frequently destroyed, as previously stated, by the large swellings pro- 
duced by the worm like parasite (Pentastomu or Linguatida) which in- 
fests the frontal sinuses of more than half of the skulls examined. 
Thus, the constriction in an old male, 8, gracilis (No. 5852), from Bt^ 
Creorge, Utah, is entirely obliterated, notwithstanding the fact that S. 
gracilis has the deepest constriction of any of the known species. The 
same extreme of distortion occurs in an old female from Roseburg, Ore- 
gon (No. 24200)e 

Other skulls in which the postorbital breadth is more or less affected 
by these swellings are Nos. (U. S. National Museum) 4143, 4219,30058, 
and perhaps also 24115, 24116, and 24117, and (Merriam collection) 
1800, 2100, 2270, 2408, 2583, 3985, 4206, 5676, 6314, 6315, 6328. 

In a few very old skulls the upper molars are worn down so far that 
their measurements and ratios are unreliable. This is the case in Nos. 
(U. S. National Museum) 1622, 4143, 24200, 24897 and (Merriam collec- 
tion) 3985 and 5852; and Nos. 5676 and 6315 are somewhat worn. 

Generic characters of Spilogale contrasted with Mephitis. — The small, 
many-striped skunks were separated from their larger single or double 
striped relatives by J. E. Gray, in 1865, under the generic name Spilo- 
gale. The separation was based wholly on external characters, of which 
the only tangible one is the number of tubercles (4) at the base of the 
hind toes. It may be julded that the Little Striped Skunks are slender 
and weasel-like in form, active, agile, and somewhat arboreal in habit, 
often making their homes in hollows of trees or crevices in cliffs ; while 
the true skunks are heavy, thickset animals, slow of movement, ter- 
restrial in habit, and live in burrows which they dig in the earth. 



*Nova Acta d. Ksl. Loop.-Carol-Derjtsch, Acad. d. Ne^furf., Halle, XLII, 1881, pp, 
J25-195, pis, VI-XIII. 



Digitized by VjOOQIC 



Oct. 1890 1 REVISION OF THE GENUS SPILOGALE. 5 

8pilogale\% a perfectly valid gen as, and may be known from MephHis 
by the following cranial and dental characters. 

The cranium as a whole is flat and broad, the frontal and parietal 
regions being so depressed that the top of the skull presents a nearly 
straight plane, instead of being highly arched as in Mephitis ; the skull 
is broadly wedge-shaped in outline; the mastoids are greatly inflated, 
forming elliptical capsules which reach on either side from the meatus 
to the exoccipital, the outer border of which is pushed backward toward 
the condyle ; the paroccipital process is obsolete or rudimentary ; the 
tube of the auditory meatus is bent strongly forward ; the supraorbital 
processes arc more strongly developed ; the ^tep of the mandible is 
absent; the hrst lower premolar is relatively much larger; the upper 
sectorial tooth is longer ; the upper molar is narrower anteroposte- 
riorly ; and the zygomatic arches are more spreading and are broadest 
and highest in the middle instead of posteriorly. 

Geographic distribtitioii, — At the time when Baird wrote his great 
work on the mammals of North America, the Little Striped Skunks were 
known from California and Texas only. I have examined specimens 
from North Carolina, Georgia, Florida, Alabama, Mississippi, Kansas, 
Texas, Arizona, Lower California, California, Oregon, Washington, 
Utah, and Idaho, and species of the genus are known to inhabit Iowa 
and Wyoming. 

Faunal position, — The genus Spilogale is a Sonoran genus, coming 
into the United States from Mexico, and ranging northward and east- 
ward as fur as the ramifications of the Sonoran fauna extend. To the 
south it reaches Yucatan and Guatemala (Alston, in Biologia Centrali- 
Americana). 

The only part of the United States in which Spilogale oversteps the 
bounds of the Sonoran fauna is along the w^st coast, where, as pre- 
viously explained (North American Fauna, No. 3, p. 26), the Sonoran 
and Boreal elements arc curiously mixed. 

Synonymy and nomenclaUirc. — The synonymy and nomenclature of the 
Little Striped Skunks is somewhat involved. Without going fully into 
the history of the subject, it may be stated that four specific names have 
been applied to North American animals which are now recognized as 
belonging to the genus Spilogale^ namely, putorius (Linnaeus, 1758) ; in- 
terrupt a (Rafiiiesque, 1820) ; hicolor (Gray, 1837) ; quaterlinearis (Wi- 
nans, 1859). 

The name Virerra putorius was given by Linnaeus in 1758 to the Little 
Striped Skunk of Florida or Carolina, and was based primarily on 
Catesby's description and figure. It becomes available therefore for 
the Florida animal, to which it is here restricted. 

The name Mephitis interrupta was given by liafinesque in 1820 to the 
species inhabiting 'Louisiana,' but Louisiana at that date was com- 
monly spoken of as stretching far to the northwest, including most of the 
territory west of the Mississippi River and east of the Kocky Mountains. 
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The name was afterward (1836) restricted by Licbteustein to the black- 
tailed form of the ' Upper Missouri River.' 

The uame Mephitis hicolor was given by Gray in 1837 to a North 
American animal; but since the locality was not mentioned, and the 
description contains nothing distinctive, it is impossible to ascertain 
which form he had in mind, and the name must be dropped. Indeed, 
Gray himself, in 1865, gave it as a synonym of M, interrupta of Bafiu- 
esque. 

The name Mephitis quaterltnearis was given by one Winans, in 1859, to 
the Kansas animal,* and like the foregoing becomes a synonym of 
interrupta. 

The name Vix^erra zorrilla was given by Schreber, in 1778, to a South 
American species, and consequently may be dismissed from further con- 
sideration in the present connection. 

Hence but two specific names are available for species inhabiting the 
United States, namely, ptitorius for the Flprida animal, and interrupta 
for the animal inhabiting the Missonri region, of which Kansas speci- 
mens may be regarded as typical. 

KEY TO SPECIES AND SUBSPECIES OF SPILOGALE. 

A.— Cranium bkoad and flat; fronto-pauietal region depressed to 

GENEH\L LEVEL OK UPPER SURFACE OF SKULL. 

a'. Under jaw strongly convex below iuca^ana. 

a-. Under jaw straight or nearly straight below. 

b '. Mastoids enormously inflated and evenly rounded below, with hardly a trace 

of lateral ridge leucopana. 

b^. Mastoids moderately inflated, not evenly rounded below, with lateral ridge 
well developed, 
c'. Postorbital processes but little developed ; 'interorbital constriction 

marked .^ gracilis. 

c^. Postorbital processes strongly developed; interorbital constriction faint or 
absent. 
dK Combined length of crowns of upper sectorial tooth and molar eqnals 

length of pterygoid fossa from base of hamular phenax. 

d^. Combined length of crowns of upper sectorial tooth and molar falls con- 
siderably short of length of pterygoid fossa saxatilis. 

B. — ('RANIUM NARROWER AND MORE HIGHLY AKCHED ; FRONTOPARIETAL REGION 

SOMEWHAT ELEVATED. 

a'. Combined length of upper sectorial tooth and molar greater than length of 
mastoid capsule, and equal to distance from anterior lip of foramen mag- 
num to foramen lacernm medium indianola. 

a-. Combined length of upper sectorial tooth and molar less than length of mastoid 
capsule, and muc'.i less than distance from anterior lip of foramen mag- 
num to foramen lacerum medium. 
b '. Inner lobe of upper molar broadly rounded on inner side, with greatest con- 
vexity near middle, 
c'. Distance from nasal cmargination to point midway between postorbital 
processes at least one-third the length of the topof skull inierrupta. 

"See Cones, Fur-Kearirig Animals, 1877, '239-*240. 
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c*. Distauco from nasal eniargiuatipn to poiut midway between postorbital 
processoa considerable less than one-third the length of the top of the 

sknil ringens. 

b ^. Inner lobe of upper molar not broadly rounded on inner side, and with decided 
projection considerably behind middle of tooth putortHS. 



SPILOGALE PUTORIUS Linn^us. 

VivetTa j)u<onu«.— Linnaeus, Systema Naturte, ed. x, I, 1758, 44 (based primarily on 
the Putorius americanus striatus of Catesby). ' 

General characters. — The Little Striped Skunk of Florida is conspic- 
nons for its small size, short tail, and the extent of the white mark- 
ings. In addition to the usual markings, it usually has a white patch 
or stripe on the outside of the thigh and another on the upper side of 
the foot, the two rarely being confluent. The rump spots are large and 
sometimes continuous with the leg-stripe. The stripes at the base of the 
tail are very large and confluent posteriorly, forming a broad patch of 
white which covers the upper surface of the basal fourth of the tail. The 
external lateral stripe is broad, encroaches on the belly, and is contin- 
uous posteriorly with the anterior transverse stripe, which, in turn, is 
often continuous with the internal dorsal stripe. The tail with hairs 
is much shorter than head and body. 

A single specimen from Kissimee Prairie, Florida (No. 4870 9 im.), 
is smaller than the others, and dift'ers from them in the great extent 
and breadth of the external lateral stripe, -which is confluent with 
both anterior and posterior transverse stripes. The rump spots also 
are unusually large, and are confluent posteriorly with the tail spots 
and laterally with the leg-stripe, and the latter is continuous on one 
side with the foot stripe. The middle pair of dorsal stripes begin pos- 
terior to the plane of the ears, leaving the black occipital patch larger 
than usual. 

Cranial characters, — So far as cranial characters go, t^. putorius, S. 
indianolay S. ringem^ and S. interrupta constitute a closely related group, 
widely separated from the species inhabiting the arid lands from cen- 
tral Texas westward. They agree in having the cranium relatively 
high and narrow; the frontoparietal region somewhat elevated; the 
upper lateral series of teeth strongly divergent posteriorly; all of the 
premolars in the tooth row, not overlapping, and rarely crowded; the 
post-palatal notch ending about on a line with the alveolus of the upper 
molar and without median projection ; a distinct postorbital constric- 
tion; and the horizontal ramus of the lower jaw strongly convex below. 
They further agree with one another, and differ from the flat-skulled 
forms, except S, leucoparla^ in lacking a distinct crest or ridge along the 
outside of the mastoid capsule (formed by the edge of the squamosal). 
8, putorius and 8, indianola have the smallest and shortest skulls. 8, pu- 
tortus has the largest mastoid capsules, and differs from all the others 
in the shape of the inner lobe of the upper molar, the posterointernal 
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cresceut of which projects strongly toward the median line posterior to 
the middle of the tooth. In 8. interrupta^ indianola^ and nngens the 
inner lobe of the npper molar is broadly and evenly rounded, bringing 
the most i»rominent part of the convexity nearly opposite the middle 
of the tooth instead of considerably behind it. The nasal opening is 
constricted laterally in its npper half. 

In IS, putoriua^ inferrupta^ and indianoUij the length of the upper sur- 
face of the rostrum, from the nasal emargiuation to the plane of the 
postorbital processes, is just half the length of the upper surface of the 
cranium behind the postorbital processes, while in 8, ringens the latter 
measurement is considerably more than double the former. 

MeasureinenU. — A fully adult male, captured at Lake Worth, Fla., 
May 20, 1889, by Morris M. Green (U. S. National Museum, No. ^Jfff ), 
afforded the following measurements in the flesh: Total length, 372; 
tail vertebrae, 129; hairs, 50; hind foot, 39. A female caught at the 
same place two days previously (U. S. National Museum, No. ^fs) 
measured: Total length, 340; tail vertebra?, 117: hairs, 48; hind foot, 37. 

SPILOGALB INTERRUPTA Rafiuesque. 

Mephitis inteirupia, — Rafiuesque, Aunals of Nature, I, 1820, 3. LichtensteiD, Abband. 

Akad. Wi88., Berlin (for 1836), 1838; 281, tab. II, fig. 1. 
Mephitis quaterlinearis. —Wiuiiua [Kansas t], newspaper, 1859 (see Coues, Fur- Bearing 

Animals, 1877, 239-240). 

General characters. — This species may be known from all others by 
the large size of the tail and the limited extent of the white markings. 
The tail, with hairs, is longer than the head and body, and is large and 
full. As a rule it is black throughout; and the white when present, is 
limited to a slender tuft surrounded by the black hairs of the extreme 
tip. The head markings are very small, the frontal spot being less than 
half the usual size, and the cresceut in front of the ear being reduced 
to an inconspicuous streak or dab wholly unconnected with the lateral 
stripe, there being no white at all under the ear. All of the white 
stripes are reduced in size, so that the animal has the blackest back of 
any known species, S. ringens approaching it most closely in this re- 
spect. 

Cranial cliaracters, — The skull of 8, interrupta is longer and higher 
posteriorly than that of 8.putoriu8^ and the audital bulla? are much less 
inflated. The inner lobe of the upper molar is broadly rounded, with 
the most prominent part of the convexity opposite the middle of the 
tooth, instead of far behind tlie middle as in 8. putoriun. The post- 
orbital processes are feebly developed and there is scarcely a trace of 
postorbital constriction. 

Specimens of 8pilogale interrupta have been examined from various 
places in Kansas, from the eastern part of the state (Barber and Coffey 
Counties) west to Trego County, and from the Kiowa Indian Agency. 
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General remarks. — Whatever doubt may arise as to whether or not 
the species here described is really the Mephitis interrupta of Rafin- 
esque, there can be none whatever that it is the M, interrupta of Lich- 
tenstein; so that the question, if any, relates not to the name of the 
species but merely to the authority for the name. Lichtenstein dis- 
tinctly states that his animal came from the 'Upper Missouri' and that 
it had a black tail. 

Measurements. — The average measurements of four males from Trego 
County, Kans., are as follows: Head and body,* 350 ; tail vertebrae, 216; 
hairs, 105; hind foot, 49.5. The average measurements of two females 
from the same locality arc: Head and body, 320; tall vertebrae, 208; 
hairs, 80; hind foot, 43.5. 

SPILOGALE EINGBNS sp. nov. 

Type No. JJifS 9. U. S. National Musonm (Department of Agricultnre collec- 
tion). Qreensborongh. Hale Coanty, Alabama, August 2, 1890. Collected 
by C. S. Briroley. (Original uumber, .50.) 

Measurements {t^ken in flesh). — Total length, 460; tail vertebrae, 165 ; 
hind foot, 45; pencil, 88. 

General characters. — Size considerably larger than 8,putorius; about 
equaling 8, interrvpta^ with which it is most closely related ; tail with 
bairs longer than head and body, white markings restricted ; no white 
on legs or feet ; frontal spot very small ; crescent in front of ear not 
continuous or barely continuous with lateral stripe ; white of tail limited 
to terminal third above and terminal half below; while the white is less 
extensive than in 8. pvtorius, it is more extensive than in 8. interrupta. 

Cranial c/kiro^^er*.— Compared with 8. interrupta, its nearest relative, 
the skull of 8. ringens is broader across the postorbital processes and 
interorbitally, has better developed postorbital processes, and a decided 
postorbital constriction. The distance from the nasal emargination to 
the plane of the postorbital processes is considerably less than one-third 
the length of the top of the skull, while in 8. interrupta it is just one- 
third. The ratio of the distance across upper molars to the upper lat- 
eral series of teeth is about 120 in ringens and 113 in interrupta. 

Compared with 8. putorius the skull is longer, the brain case is higher 
posteriorly, the inflated mastoids do not project so far laterally, the in- 
ner lobe of the upper sectorial tooth is larger and broader, and the in- 
ner lobe of the upper molar is evenly rounded oft*, the most prominent 
part of the convexity, being near, instead of behind, the middle of the 
tooth. 

While the type is from Hale County, Ala., other specimens have 
been examined from Cherokee, N. C, Corinth, Miss., and Mobile, Ala. 

* Unfortunately, the collector did not record the total length in the flesh ; but by 
adding the length of the tail to the head and body, an approximate measurement may 
be obtained. 
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The latter has a little more white than the others, and the aute-auricu- 
lar crescent is narrowly continuous with the lateral stripe. In the Cor- 
inth specimen the white tip of the tail reaches further down than on the 
others. 

SPILOGALB INDIANOLA sp. nov. 

Type (sknll) No. 1G21, young adult. U. S. National Museum. From Indianola, 
Matagorda Bay, Texas. Collected by J. H. Clarke, in 1851. 

This species is founded on two skulls collected at Indianola, Mata- 
gorda Bay, Texas, by J. H. Clarke, of the Mexican Boundary Survey. 
The skins were not preserved, and nothing whatever is known of the 
external characters of the animal. It probably is a Mexican tropical 
species extending north along the Gulf coast of Texas. 

Cranial characters. — The skull is small, and the brain case is short 
and highly arched, as in S.piitorius from Florida. It differs from puto- 
ruis^ however, in being narrower across the postorbital processes, in 
having smaller and less prominent mastoid capsules, smaller audital 
bulkv, longer pterygoid fossa, and larger teeth. The upper sectorial 
and molar particularly are much larger than in imtorius^ the combined 
length of the two teeth exceeding the length of the mastoid capsule and 
equaling the distance Irom the anterior lip of the foramen magnum to 
the foramen lacerum medium, in these respects difl'ering from all 
known species of the genus. The inner lobe of the upper molar is very 
large and broad, and is broadly and evenly rounded off on the inner 
side, the greatest convexity being oi)posite the middle of the tooth in- 
stead of considerably behind it. The ratio of breadth to length of the 
upper molar is 120, while in ts. putorius it is 130. 

The lower sectorial tooth is very much larger, and the last lower 
molar about double the size of the same tooth in S,2>^itorim. 

Jvemji nttios of stvci'dl xpcviiiuHs each of Spiln(j<de indianola, S. intcvrupiay S. ringens 

und S. pn tori US. 



llalios to '.^•^i'.ii 1. ti;lth of II- ii^. 1 : 

J>tii;;lli nt iipiuT latoi;il st-i ics of t«elh 

Li-n-ilh ot'npjuT sccttnial atnl molar tomilnr. 

Lt'iiiith '»r uniK r x't'toriiil. 

I.<nu;th of pi( rvir<ii<l los<a 

Ilatio of mastoid bic.Kltli to palatal l(M)i;tli 

Jvati»» of hn-adtli to bnuth ol uppL-r niolai 
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SPILOGALE LU0A8ANA sp. iiov. 

Tjpe No. 2Sly ad. U. S. Niitional Mnseum. From Cape St. Lncas, Lower Cal- 
ifornia. Collected by Jolm Xantus. (Original number. (i03.) 

OoieralcliaracterH. — Size large ; tail long (witli hairs apparently about 
as long as bead and body); terminal pencil white; white m«l,rking8 
largo and broad. Median pair of dorsal stripes broadly confluent pos- 
teriorly with anterior transverse bands, and thence with external lat- 
eral stripes; lumbar spots on each side elongating posteriorly so as to 
form a distinct stripe, which becomes confluent with the posterior trans- 
verse stripe of the same side, forming an acute angle jmsteriorly at 
point of union ; tail spots indistinctly confluent posteriorly. Two par- 
allel longitudinal white stripes extend back from the chin to the throat, 
where they are connected by a transverse curved line. Two other 
white stripes, one on each sido, reach backward from the angles of the 
mouth to a point a little below and posterior to the ears, where they 
indistinctly join the lateral stripes. Tliis is the only species known to 
me in which there is any regularity in the throat and chin markings. 

Cranial characters. — Two skulls from Capo St. Lucas, Lower California 
(the type, No. 4219, and No. 4143, U. S. National Museum), are much 
larger, broader posteriorly, flatter, and everywhere more massive than 
tho8e of any other species examined. The postorbital processes are 
well developed; the postorbital constriction is not noticeable; there is 
a distinct sagittal crest; the post-palatal notches fall considerably short 
of the plane of the alveoli of the upper molars ; the upper molars are 
rectangular, with a deep notch behind, and the postero-internal angle 
projects furthest toward the median line as in S. put oriv 8 from Florida; 
there is no line of demarkation on the upper surface of the skull between 
the inflated mastoids and cranial parietes. 

The first upper premolar is small, in one skull (No. 4143) it is ab- 
sent on one side and very small on the other, but is wholly in the tooth 
row. In the other skull (the type. No. 4219) it is present on both sides, 
larger, and slightly overlaps the canine. The second upper premolar 
is not crowded and does not overlap the third. 

The under jaw is more convex below than in any other species known 
to me ; the angular process is set up higher, and there is more evidence 
of the * step' which is so characteristic of Mephitis. 

SPILOGALE LECTOOPAUIA sp. nov. 

(Plate I, figs. 4-6.) 

Type No. {1% <? ad. Merriam collection. From Mason, Mason County, Texas, De- 
cember 2, 18-^5. Collected by Ira B. Henry. (Original number, 16.) 

General characters. — Size medium (total length of $ , about 400; hind 
foot, about 45), tail with hairs shorter than head and body. White mark- 
ings larger than in any other known species, the whit« on back equaling 
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or even exceeding the black in area; all the stripes are broa<ler than in 
the other species ; the middle pair of dorsal stripes are continuous pos- 
teriorly with the anterior transverse stripe, which in turn are broadly 
confluent with the external lateral stripes. The lumbar spots are gen- 
erally confluent with the posterior transverse stripes. The tail spots 
are sometimes confluent posteriorly, forming a narrow band across the 
base of the tail. There is no white on the thighs, and only rarely a 
few white hairs on the upper snrface of the foot. 

Cranial characters, — The skull of Spilogale leucoparia presents the 
maximum degree of inflation of the mastoid capsules yet observed in the 
genus, surpassing even S. putorius of Florida. The inflation is most 
conspicuous posterolaterally, and in transverse section the capsules are 
subcircular in outline. The crest or ridge usually formed by the outer 
edge of the squamosal is obsolete. The audital bull® are larger than 
usual. 

SPILOGALE GRACILIS Merriam.* 

TypeNo. i|?§9 $ ad. U. S. National Museum (Departmentof Agriculture collec- 
tion). From Grand Ca&on of the Colorado, Arizona (north of San Francisco 
Mountain), September 12, 1889. Collected by C. Hart Merriam, near bottom 
of caflon. (Original number, 451.) 

Measurements of type (taken in the flesh). — Total length, 400 ; tail ver- 
tebrae, 142; t pencil, 100; hind foot, 4G. 

General characters, — Size medium : form slender like a ferret ; tail 
with hairs, longer than head and body. External lateral stripe very 
large and broad, and broadly confluent with the anterior transverse 
stripe, which in turn is sometimes narrowly confluent with the inner 
dorsal stripe. Exposed white of tail occupies nearly the whole of the 
terminal half above and the terminal two-thirds below. 

In old individuals the lumbar spots show a tendency to become con- 
fluent posteriorly with the posterior transverse stripes. The spots at 
base of tail are sometimes confluent posteriorly. The males have con- 
siderably longer tails than the females. 

Cranial characters, — The skull of ^. gracilis is broad and flat, with the 
frontoparietal region depressed to the plane of the top of the skull, and 
there is a deep postorbital constriction — the deepest possessed by any of 
the species now known. There are well marked postorbital protuber- 
ances, but they are not peg-like processes as in 8,phenax and 8, saxatilis, 

* Tliis species baa been described in North American Fauna, No. 3, pp. 83-84. 

tTbe tail of this specimen was injured in early life and the terminal portion is 
absent. In a young individual caught at the ca&on two days later, the tail vertebrae 
measure 160. 
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SPILOGALB SAXATILIS sp. nov. 

Type No. |g*§ <J ad. Merriam collection. From Provo, Utah, November 13, 1888. 
Collected by Vernon Bailey. (Original number, 384.) 

Measurements of type (takeu in the flesh). — Total length, 450; tail 
vertebra?, 176 ; pencil, 100; hind foot, 49. Measurements of 9 ad. (same 
locality and date): total length, 400; tail vertebrae, 1G3; hairs, 80; hiud 
foot, 41. 

General c^aracf«r«. —Size, rather large; tail, with hairs, longer than 
head and body. External lateral stripe nearly obsolete and barely or 
not continuous with anterior transverse stripe. In the type specimen, 
an adult male, none of the markings are confluent. In an old female taken 
at the same locality and date, the internal or middle dorsal stripes are 
narrowly confluent posteriorly with the anterior transverse stripes, and 
the caudal spots meet indistinctly across the base of the tail. All of the 
other spots and markings are distinct. Externally & saxatilis may be dis- 
tinguished at a glance from its nearest geographical neighbor, S. gracilis, 
by the inconspicuous and nearly obsolete lateral stripe. In S. gracilis 
this stripe is large and broad and broadly confluent with the ante/rior 
transverse stripe. 

Cranial characters, — The skull of 8. saxatilis resembles that of 8. gra- 
cilis in size and proportions, but difl:*ers from it in having well-developed 
I>o8torbital processes, in having the anterior nares deeply and broadly 
emarginate above, in having the zygomatic arches more broadly and 
highly arched, and in lacking a deep postorbital constriction (though it 
has a slight constriction). It differs from S.phenax in the shape of the 
nasal aperture (which is less broadly emarginate above), in the presence 
of a slight interorbital constriction (altogether absent in pJienax), in hav- 
ing the last lower molar smaller, and in a number of cranial and dental 
proportions, which are given in tabular form under 8.piienax. 

SPILOGALE PHENAX sp. nov. 

(Plate I, figs. 1-3.) 

Type No. i]^o ^ ail. Merriam collection. From Nicasio, Marin County, Cal- 
ifornia, October 31, 1H85. Collected by C. A. Allen. 

General characters, — Size large ; hind foot 46 (in dry skin) ; tail, with 
hairs, shorter than head and body. External lateral stripes narrow, but 
considerably broader than in 8, saxatilis; lumbar spots inclined to 
become confluent with posterior transverse stripes. Markings other- 
wise normal. Exposed white portion of tail occupying terminal third 
above and terminal half below. There is considerable white in irreg- 
ular patches about the chin and angles of the mouth. 

Cranial and dental characters.^Th.e^ postorbital processes of 8. phena^x 
ve^k tUe ipaximum development observed iu tUe genus-, the postorbital 
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constriction is absent; the zygomatic arclies are broad and bifjhly 
arcliedy and the sectorial and molar teeth are large. The last lower 
molar is conspicuously larger than in S. gramlis and 8. saxatilis. 

S, phenax differs from 8. saxatilis in the following particulars : The 
breadth across the postorbital processes is greater (ratio to basilar length 
37, against 35.2 in saxatilis): there is no attempt at a postorbital con- 
striction; the emargination above the nasal aperture is neither so 
broad nor so deep ; the vault of the cranium is higher ; the molariform 
teeth in both jaws are much larger, particularly the last lower molar, 
the ratio of which to the interorbital constriction is 20.3, while in saxa- 
tilis it is 17.4 (the ratio of the interorbital breadth to the basilar length 
being the same in both skulls) ; the combined length of the crowns of 
the upper sectorial tooth and molar equals the length of the pterygoid 
fossa, while it falls short of it in saxatilis ; the palate is broader, the 
ratio of the distance across the upper molars to palatal length being 
100.4, while in saxatilis it is 94.1); and the inner lobe of the upper molar 
is narrower (the ratio of the anteroposterior diameter of the inner lol>e 
to the same diameter of the outer lobe being 87.5, while in saxatilis it 
is 95.2). 

Several specimens from the region about San Bernardino and Alham- 
bra, in southern California, have longer tails and broader side stripes 
than the Nicasio specimens, and the markings under the chin tend to 
arrange themselves in two small parallel stripes, with a small spot .at 
each angle of the mouth. The i)ostorbital processes are smaller than 
in true phenax. This form may merit subspecific separation. 

The following table shows the ratios of a number of cranial and 
dental measurements in ;S^. saxatilis and S.phenax, and also in 8. gracilis^ 
their nearest geographical neighbor: 

Eatios of type sjyecimens of SpilogaJe pheiKix^ S. saxatilis, and S. gracilis {all adult nuiles). 



Ratios to basilar length of Ilensel : 

Height of craniam from posterior margin of palato 

Length of upper sectorial tooth 

Length of lower sectorial tooth 

Length of upper sectorial and molar top-thcr 

Brefulth across postorbital processes 

Postorbital constriction 

Ratios to palatal length : 

Distance from foramen magnum to post-palatal notch 

Length of upper lateral series of teeth 

Breadth across upper molars 

length of upper sectorial tooth 

Length of upper molar (anteroposterior diameter of outer 
cusp) 



Pi-nvn I <jraud 



S. phenax, 

cm. d-^A. Utah, cf ad. *;f,^"°' . . 
No. 2100. No. 6676. ""Z^J^; 



Ratio of length of last lower molar to interorbital constriction.. , 

Ratio of breadth to length of upper sectorial tooth j 

Ratio of breatith to length of upper molar ■ 

Ratio of inner cusp to outer cusp of upper molar (anteroposte- | 
rior diameter of each) i 



I 



28.6 
13 
16 

21.4 1 
37 j 
30.4 ! 

141 

85. 9 , 
JOG. 4 

31.4 ! 

23.1 , 
20.3 
67.0 
145.8 
I 

87.5 , 



27.2 I 
12.2 , 
14.9 
19.7 I 
35.2 
27 I 

135 I 
82.9 
91.1 
29.2 

20.4 ' 
17.4 
06.6 
147. G 

93.2 i 



2G.5 
12.5 
15.9 
21.7 
35.7 
25.9 

144 
89.5 
95.8 
31.2 

24.4 

17.7 
6«.4 
129.7 

80.8 
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SPILOGALE PHENAX LATIFRONS subsp. uov. 

Type No. HUJi 9 old. U. S. National Museum (Department of Agriculture col- 
lection). From Roeeburg, Douglas Couuty, Oregou, July 13, 1861). Collected 
by Theodore S. Palmer. (Original number, 216.) 

Measurements, (taken iu the flesh). — Total length, 335; tail vertebra?, 
130; pencil, 90; hind foot, 40. 

General c/iaroo^r*.— Similar to S, phenax^ but much smaller. No 
peculiarities in the markings appear in the single specimen examined — 
a very old, nursing female in worn pelage — except the white under the 
cbin, which i's much less extensive than in S. phenax ; other specimens 
may have more. 

Cranial characters, — The skull of S. phenax latifronsj as its name indi- 
cates, is broader interorbitally and across the postorbital processes than 
S. phenax. It is broader also across the brain case, the mastoids, and 
the palate. The last lower molar is much smaller than in S. phenax. 
The skull of the type specimen is so injured that the basilar length can 
not be taken, but another skull, from Ohehalis Co., on the coast of 
Washington, affords the following ratios, which for convenience of 
comparison are accompanied by corresponding ratios of the type of S, 
phenax : 



S. lati/rong, 
No. 2583. 
? ? yg. ad. 



Ratios to basilar length of Hensol: 

Int«rorbital breadtli 32.4 

Breadtli across postorbital processes 38. 9 

Breadth across molars 43.2 

Breadth across mastoids 65. 5 

Breadth of brain-case 5r>. 1 



S. phenax, 

Mo. 2100. 

cT ad. 



29.4 

37 

41.6 

64 

49 
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29.1 
12.6 
15.1 
24.6 
32.4 
27.3 
29.1 
102.3 
21.7 
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157 
90 

100 
32.5 
28 
C6.1 
44.8 
83.9 
65.2 

128.5 

36.1 
43.3 
111.1 
61.6 

90.3 
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DESCRIPTIONS OF FIVE NEW GROUND SQUIRRELS OF THE GENUS 

TAMIAS. 



By Dr. C. Hart Meeriam. 



A. DESCRIPTIONS OF THREE NEW SPECIES OF THE TABflAS 

LATERALIS GROUP. 

The type specimen of Tamias lateralis of Say was collected by Long's 
Expedition on the Arkansas River in Colorado, a few mile^ below 
the present site of Canon City. Specimens agreeing with the typical 
form have been examined from other parts of Colorado, from the Uinta 
Mountains in Utah, and from San Francisco Mountain, Arizona. Com- 
parison of specimens from various parts of the West shows that there 
are at least three well-marked species which have not yet been de- 
scribed. 

The most conspicuous diflferences by which the several forms may be 
distinguished are: (1) the extent of the inner black dorsal stripe; (2) 
the color of the head and neck; and (3) the color of the under side of 
the tail. In true lateralis the under side of the tail (within the sub- 
marginal black band) is grizzled grayish-yellow. In specimens from the 
Wahsatch (near Park City, Utah), it is deep, intense chestnut; in those 
from the Sierra Nevada (from Klamath, Oregon, to Lake Tahoe, Nevada, 
and Donuer, California) it is dee^ fulvous. The head and sides of the 
neck in typical lateralis are suflfused with ferruginous or pale rusty 
chestnut; in the Wahsatch animal the same parts are deep rusty chest- 
nut; while in specimens from the Sierra Nevada they are bright golden- 
red or ochraceous, strikinglj* dift'erent from any of the others. The 
inner black stripe is small and more or less obscured in lateralis; it 
is large and distinct in the Wahsatch and Sierra animals, and of 
medium size in Montana specimens. Specimens from the Medicine Bow 
Mountains, Wyoming, differ from all the others examined, in having the 
ground color above very much darker. In some of these specimens the 
upper surface of the tail is almost black. The form may deserve sub- 
specific recognition. 

Seasonal variation in color is more marked in some members of the 

present group than in any other North American mammal with which 

I am familiar (excepting, of course, the winter change to pure white in 

5514— No. 4 2 r^^R^T^ 
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some northern species). This variatioD relates mainly to the extent 
and intensity of the red or golden mantle which covers the head and 
neck. The maximum development of color occurs soon after the close 
of the breeding season, in August and September; but, as shown by 
Dr. J. A. Allen* in his recent excellent and highly critical revision of the 
chipmunks of the Tamias quadn'vittatus group, the change may be de- 
layed by nursing and other causes, so that specimens showing both ex- 
tremes may be killed the same day at the same place. As a rule the 
males are more highly colored than the females. This is particularly 
marked in T. cinerascena^m which the extremes of sexual coloration are 
so diflferent that it is hard to believe them the same species. Adult 
males and females of this species, the former in the height of the red, 
the latter in the purest gray phase, were collected by myself at Helena, 
Montana, about the middle of August, 1888, together with a few speci- 
mens in intermediate pelage. 

Common characters, — Tamias lateralis and its allies here described 
are the largest of the American ground squirrels of the genus Tamias. 
They are intermediate between Tamias and SpermophiluSj and it is open 
to question whether they do not belong to the latter rather than to the 
former genus. They certain ly depart from Tamias proper and agree with 
Spermophibis (section or subgenus Golobotis) in the form of the skull, 
in the general form of the body (in being heavy and thick-set instead 
of light and slender), in habits, in becoming excessively fat in the fall, 
and in hibernating early. They differ from all members of both groups 
in the peculiar pattern of the coloration, namely, the absence of dorsal 
stripe or stripes, coupled with the possession of three lateral stripes on 
each side (two of which are black, separated by one which is whitish or 
yellowish), and a conspicuous mantle of ferruginous-chestnut or ochra- 
ceous, which covers the head and neck to the shoulders at least a part 
of the year. Heretofore but one species (T. lateralis) has been recog- 
nized. Three additional species are here described. The four may be 
arranged in couplets according to affinities, thus : 

KEY TO SPECIES OF THE TAMIAS LATERALIS GROUP. 

a^ Inner black stripo much smaller tlian outer ; lateral hairs of tail with two black 
bands; under side of tail grizzled yellowish gray. 

b K Groundcolor of back grizzled brown lateralis, 

b^. Ground color of back grizzled ash-gray cinerMcens. 

a^. Inner stripe as large as outer; lateral hairs of tail with one black band; under 
side of tail fulvous or chestnut. 

o'. Under side of tail deep chetttnut ; mantle ferruginous chestnut caetanwrus, 

c '^. Under side of tail fulvous ; mantle ochraceous ohryaodeirus, 

Faunal position. — Tamias lateralis and its relatives here described 
belong to the lower or southern zones of the Boreal province. They in- 
habit tbe Douglas Fir zone and the higher levels of the Finns ponderosa 
zone, and are particularly fond of rocky hill sides. 

• Bull. Am. Mus. Nat. Hist., New York, III, May, 1890, pp. 49-50. 
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TAMIAS OASTANUEUS sp. nov. 

Type No. fSH? $ ad. U. 8. National Mnsenm (Department of Agriculture collec- 
tion). From Park City, Wahsatch Mountains, Utah (altitude 7,000 feet), 
July 3, 1890. Collected by Vernon Bailey. (Original number, 1363.) 

MmsnremmU (taken in the flesh). — Total length, 284; tail vertebrae, 
92; pencil, 32; hind foot, 43. Ear from crown, 13 (in dry skin). 

Color. — Head and neck to shoulders ferruginous chestnut, lightest on 
the sides of the neck. Inner black stripe nearly as broad, long, and 
sharply defined as the outer, in this respect resembling T. chrysodeiruft 
of the Wahsatch. Belly hairs dusky at base as in T, chrysodeirus, but 
tipped with whitish or very pale yellowish, the dusky base showing 
through. Tail above mixed yellow, black, and reddish brown, with 
yellow or fulvous border; tail below deep chestnut^ with a submarginal 
black band. Upper surfaces of feet whitish. The ground color of the 
rump and outer side of the leg is darker and more strongly suffused 
with reddish-brown than in T. chrysodeirus. 

General remarks. — This species is remarkably constant in coloration, 
as shown by a series of 44 excellent specimens (consisting of adults 
and young of both sexes) collected in the Wahsatch Mountains in June 
and July by Mr. Bailey. Almost the only variation from the type is in 
the amount of, red in the mantle (some of the females having less than 
the type), and this is more constant than in the other species. 

Mr, Bailey writes that these Ground Squirrels are "particularly abun- 
dant around the edge of town [Park City] and around the boarding. 
houses at the mines, where they pick up crumbs about the doors. A 
good many live along the roads, picking up the grain that falls from 
wagons. Of thirty-five stomachs examined, all but ten contained re- 
mains of insects (grasshoppers, beetles, flies, and larvae). Most of them 
contained also seeds .of plants, flowers, and foliage, and some were 
nearly full of roses. Many contained corn, beans, oats, bread, cake, 
potatoes, and fat pork picked up about camp." 

TAMIAS CHRYSODEIRUS sp. nov. 

Type No. ^m $ ad. Merriam collection. Prom Fort Klamatb, Oregon, July 
31, 1888. Collected by Samuel Parker. (Original number, 143.) 

Measurements. — Total length, 286 ; tail vertebne, ; pencil, 25 ; 

hind foot, 39; ear from crown, 13. 

General characters. — Top of head, rusty chestnut; sides of neck, 
bright ochraceous, this color reaching forward on the sides of the face, 
backward to the shoulders, upward across the nuchal region, where it is 
grizzled with the black-tipped hairs of the back, and downward (though 
of a paler 3hade) completely across the throat, and brightest on the 
sides of the neck between the ears and shoulders. The three side stripes 
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of equal breadth tbroughout; inner black stripe equaling the outer in 
length, breadth, and sharpness of definition; white stripe extending 
both anteriorly and posteriorly beyond the others, and being traceable 
in some specimens from the ears to the root of the taiL Under side of 
body everywhere strongly washed with pale ochraceous, which is deepest 
on the throat, where the hairs are of the same color throughout. Belly 
hairs dusky at base, with yellowish tips, the dusky showing through. 
Tail above, mixed black and yellow, with yellowish border; tiiil below, 
fulvous with a submarginal band of black. Upper surfaces of feet 
strongly suflfused with ochraceous. 

General remarks, — This si)ecies is represented in the Department of 
Agriculture collection by a series collected near Glenbrook, Nev., on the 
eastern side of Lake Tahoe, by Charles A. Keeler; and in the Meniam 
collection by series from Klamath, Oregon, collected by Samuel Parker ; 
and Donner, Cal., collected by Charles A. Allen. The range of varia- 
tion is slight and relates mainly to the intensity of color of the mantle, 
which varies from deep ochraceous or orange red to pale yellowish. 

TAMIAS CINERASCENS sp. nov. 

Type No. ^H 9 ft^- Merriain collection. From Helena, Montana (altitude 4,500 
feet), August 13, 188«. Collected by C. Hart Merriani. (Original number, 4.) 

Measurements. — Total length, 322; tail vertebrae, IO85 pencil, 35; hind 
foot, 44; ear from crown, 9. 

Color of type specimen, and of females generally in gray phase. — Upper 
parts, from nose to root of tail, clear ash-gray, grizzled wi^h black- tipped 
hairs ; no red anywhere, or at most a slight ochraceous tinge on shoul- 
ders or a few red hairs about head ; white stripe broad, reaching from 
ears to hips, somewhat obscured over shoulders ; black stripe broad, 
short, and obscured at both ends, the inner shorter than the outer 5 a 
reddish-brown wash on outer side of thighs ; tail above grizzled black 
and gray, with yellowish border ; tail below grizzled grayish-yellow 
with a broad submarginal black band and a narrower and less distinct 
(concealed) band on the basal half of the lateral hairs; under parts 
whitish, slightly tinged with yellowish, the dusky basal portion of the 
belly hairs showing through ; feet whitish from ankles. 

Males in red phase. — Similar to gray phase, but with top of head and 
neck and sides of neck from white of lower eyelid to shoulders, deep 
rusty chestnut; eyelids white; a whitish line from eye to ear, dividing 
the red ; face in front of eye whitish. 

General remarks. — The females when in the red phase are not nearly 
so red as the males ; and no males in the gray phase were procured. 
The species is represented by specimens, all collected by myself at 
Helena, Mont, in August, 1888. 

The relationships of Tamias cinerascens are with T. lateralis, not 
with T. castanurus or T, chrysodeirns. 
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B. DESCRIPTION OF A NEW SPECIES OF THE TAMIAS HARRISI 

GROUP. 

The members of the Tamias liarrisi group differ from all other Ameri- 
can ground squirrels in possessing a single lateral stripe, white in color. 
Three forms have been thus far described, namely, the original T. harrisi 
of Bachman, which has the under side of the tail iron-gray and the lat- 
eral hairs black at base and marked with two free black bands ; T. leti- 
curu8 (described by the writer in Fauna No. 2, 1889, pp. 19-21), which 
has the under side of the tail white, with a single partly concealed sub- 
marginal black band ; and T. leucurm cinnamometis (described by the 
writer in Fauna, No. 3, 1890, pp. 51-53), which has the tail colored like the 
foregoing, but the upper parts.suflFused with cinnamon. The new species 
liere described (T. interpres), while resembling T, harrisi and T. leu- 
curus in the color of the upper parts, has the lateral hairs of the tail 
black at the base and marked with two free black bands as in T. harrisi 
from western Arizona, and the hairs of the under surface of the tail white 
as in leticurus. It resembles leucurtis more than harrisi^ and yet is more 
closely related to the latter. It is clearly intermediate between the two 
and still it does not connect them, there being room for an intervening 
form or 'intergrade' in each direction. Intergrades with harrisi will 
probably be discovered, so that it will rank eventually as a subspecies. 

It may be known from the following description : 

TAMIAS INTERPRES sp. nov. 

Type No. iv/.IJa $ ad. U. S. Natioual Museum (Department of Agriculture col- 
lection, from El Paso, Texas, December 10, 1889. Collected by Vernon 
Bailey. (Original number, 762.) 

Measurements (taken in flesh). — Total length, 226; tail vertebrae, 80 ; 
pencil, 22; hind foot, 37 ; ear from crown, 4 (in dry skin). 

General characters. — Similar to Tamias leucurus, but tail longer and its 
lateral hairs marked with two free black bands instead of one. 

Color (of type in winter pelage). — Upper parts finely grizzled gray, 
faintly tinged posteriorly with vinaceous, and suffused with pale ful- 
vous over the nose ; shoulders, hips, and outer surfaces of fore and hind 
legs ochraceous buflf ; a broad stripe of clear white on each eyelid and 
on each side of back from shoulders to side of rump; under parts silky 
whitish. Tail above with proximal third concolor with back and suf- 
fused with pale fulvous ; distal two-thirds grayish black with a partly 
concealed submarginal black band and whitish border ; tail below white, 
with two complete free black bands (the innermost concealed) and a 
whitish border. The lateral hairs of the tail are black at the very base, 
so that each hair has three black zones, alternating with three white 
zones, precisely as in T. harrisi. But it differs from harrisi in having 
the hairs of the underside of the tail whitish instead of marbled black 
and white, giving the tail a very different appearance. 
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The four forms may be easily identified by the following 

KEY TO SPECIES AND SUBSPECIES OF THE TA.MIAS HA.RRI8I GROUP. 

A. — Lateral hairs of tail with one free black band, under side of tail white : 

&». Upper parts grayish leuonr^is, 

b^. Uppei parts ciDnamon leuourua cinnamameti^, 

B. — Lateral hairs of tail with tico free black bands: 

c\ Under side of tail iron-gray (mixed black and white) harrisL 

c^. Underside of tail white inierprw. 



C. DESCRIPTION OF A NEW SUBSPECIES OF THE TAMIAS 

MINIMUS GROUP. 

TAMIAS MINIMUS MELANURUS subsp. nov. 

Type No. 3 2 2.^5 <J ad. U. S. National Mnsenm (Department of Agricnltnre col- 
lection). From west side of Snake River near Blackfoot, Idaho, July 17, 
?890. Collected by Vernon Bailey and Basil Hicks Dutcher. (Original num- 
ber, 1451). 

MecmiremenU, — Total length, — ; tail vertebrae, 84 ; pencil, 21; hind 
foot, 29; ear from crown, 7.5 (in dry skin). 

General cJiaracters. — Similar to Tamias minimus c<m8obrinu8 Allen, bnt 
with nnder side of tail black along' the median line, bordered on each 
side with pale yellowish — thus exactly reversing the condition which 
prevails in all the other known species of the genas, the normal ar- 
rangement consisting of a light (asaally yellowish or fulvous) median 
stripe, bordered by a submarginal band of black. 

General rewmr^s.— Specimens of this new form of the small, pallid 
chipmunk of the Great Basin have just been received from Vernon 
Bailey, chief held agent of the Division, and his assistants, Basil Hicks 
Dutcher and Clark P. Streator. They were collected on the Snake 
River Desert in Idaho, between Blackfoot and Big Lost River. Mr. 
Bailey writes me that they are replaced by the ordinary form (T. mini- 
mtis consohrinus) in the immediate vicinity of Blackfoot, on the eastside 
of Snake River. The Snake River Desert consists of sand and sage 
plains alternating with lava beds. Without knowing the exact haunts 
of the animal it is difficult to say whether its peculiar freak of tail col- 
oration \?^ j^rotective (in harmony with the dark tints of the lava) or di- 
rective (in sharp contrast with the light colors of the sandy desert). I 
incline to the latter view. 

The new form is here treated as a subspecies instead of a species, be- 
cause specimens from Big Lost River are somewhat intermediate, hav- 
ing the usual submarginal black band on the basal third of the tail, 
while the central part is black beyond. (No. 23046 9 , collected by 
Clark P. Streator, July 21, 1890, is of this character). 
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DESCRIPTION OF A NEW EVOTOMYS FROM COLORADO. 



By Dr. C. Haet Merbiam. 



Up to the present time no member of thecircumpolar geuns Evotomys 
has been recorded from the Rocky Mountain region of the United States, 
so far as I am aware. It is with great pleasure, therefore, that I am 
able to add to our fauna a new species of this genus from the mount- 
ains of Colorado. 

The specimen on which the new species is based was collected near 
Gold Hill, Boulder County, Col., at an altitude of 9,500 feet, by Mr. 
Denis Gale, who very generously presented it to me along with an inter- 
esting collection of other mammals from the same region. 

It may be known by the following description : 

EVOTOMYS GALEI sp. nov. 

Galk'8 Rep-backed Mouse. 

(Plate II, fig. 3.) 

Type ^g?|$ad. Merriam collection. From Boulder County Colorado (altitude 
9,500 feet), July 13, 1889. Collected by Denis Gale. 

Size about equal to that of E. gapperi, or a little larger, but not so 
large as E, carolinensis. Unfortunately no measurements were taken 
in the flesh. The hind foot, after soaking to straighten the toes, meas- 
ures 19. The tail in the dry skin measures about 42; pencil, 6,5. The 
ears are considerably larger than those of E. gapperi and the antitragus 
is relatively as well as actually much larger. 

Color. — Above, considerably lighter than true gapperi ; dorsal band 
well defined, pale hazel (not obscured by black-tipped hairs), extending 
from midway between the eyes and ears nearly to the tail ; rest of up- 
per parts ^ Isabella-color,' suffused with ochraceousbufP. Below, white 
throughout, without trace of fulvous ; basal half of fur of belly plum- 
beous. Tail sharply bicolor: above, 'Isabella-brown,' with a blackish 
tip; below, soiled white. There is no apparent post-auricular spot. 

Cranial characters. — Compared with E. gapperi, the brain-case is 
broader, flatter, and more squarish in outline ; immediately^ behind the 
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orbits it Rpreads out more abruptly, and the postorbital process of the 
squamosal is more promiuent, so that the orbital and temporal fossae 
are more sharply separated. A broad depression occupies the posterior 
part of the frontals. The audital bullae are large and high, but are less 
inflated laterally than in gapperi. The zygomatic arches are somewhat 
expanded upward at the point of junction of the jngal with the zygo- 
matic process of the maxillary, showing -a tendency toward the forma- 
tion of the vertical lamella seen in Phenacomys and the lemmings. 

Dental characters. — The molar series are considerably larger than in 
skulls of gapperi of the same sis^e, but are not so large as in Phenacomys. 
The last lower molar Issh'ghtly broader posteriorly than anteriorly (con- 
trary to the rule in Evotomys) and is broadest in the middle. It con- 
sists of three trifiisverse loops, all of which are closed. The re-entrant 
angles of the inner side are very deep ; those on the outer side are cor- 
respondiugly shallow. The front lower molar has the usual number of 
loops and triangles. The anterior loop is directed straight forward and 
communicates broadly with the adjoining triangles on each side, leaving 
one external and two internal closed (or nearly closed) triangles and a 
posterior loop. The upper molars present no noteworthy peculiarities. 
All of the molars in both jaws are rooted, each having two long and 
well formed roots, resembling those of P/tenacomy«, except tbat they are 
not closed at the bottom. (See fig. 3.) They may be considered as 
intermediate between those of Evotomys rutilvs and Phenacomys, 





Fig. 3. -Molar teeth of Evotomys galei (a, left upper series ; b, loft lower series). 
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DESCRIPTIONS OF TWO NEW SPECIES OF EVOTOMYS FllOlI THE PACIFIC 
COAST REGION OF THE UNITED STATES. 



By Dr. 0. Hart Meeriam. 



During the summer of 18S9, Mr. Theodore S. Palmer made a biologi- 
cal reconnaissance of the Pacific coast region from northern California 
to Puget Sound, under the direction of the Division of Ornithology and 
Mammalogy of the Department of Agriculture. Among the interest- 
ing results of his explorations was the capture of two species of the cir- 
cumpolar Arvicoline genus UvotomySj one as far south as Humboldt 
Bay, California. The only previous record of the genus from the Pa- 
cific region is Coues' mention of a specimen collected by Kennerly at 
Chilowk Lake, Washington, and referred to E. gapperi* Species of the 
genus have been described by the writer from the Great Smoky Mount- 
ains in North Carolina and Tennessee, and from the Kocky Mountains 
in Colorado. It remains only to discover a form in the Sierra Nevada 
in order to complete the illustration of the typical distribution of a Bo- 
real genus, extending its range southward along all the great mountain 
systems of the continent and throughout the humid Pacific coast region 
to the southernmost limits of the Boreal zones. 

Tlie new species collected by Mr. Palmer may be know from the fol- 
lowing descriptions : 

EVOTOMYS OCCIDENTALIS sp. nov. 
Western Rei>backed Mouse. 
(Plato II, fig. I.) 

Type No. iJIH <?»<*• ^' S. National Maseiim (Dopartment of Agriculture col- 
lection). From Aberdeen, Cbelialis County, Washington, August 16, 1889. Col- 
lected by Theodore S. Palmer. (Original number, 308.) 
Measurements (taken in flesh). — Total length, 145; tail vertebrae, 45; 
pencil, 3; hind foot, 18; ear from crown, 7.5 (in dry skin). 

General characters. — Size medium, about equaling U, gapperi; tail 
rather long ; coloration very much darker than in any other known 
form. 

* Mon. N. Am. Hodcntia, 1877, 144. 
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Color. — Uppet* parts dark sepiabrown, with a broad dorsal area of 
burnt umber not sharply defined. Under parts salmon color, the dusky 
basal part of the fur sometimes showing through. Tail blackish above, 
slightly paler below, but not bicolor. Hind feet dusky. 

Cranial and dental characters, — The skull of Evotomys occidentalig is 
small and narrow, with the brain case highly arched. The enamel 
folds of the molars are deep, those from opposite sides pressing strongly 
against one another as shown in the figure (plate ii, fig. 1). The 
front lower molar has five projecting angles on the inner side and four 
on the outer. The last upper molar has four projecting angles on the 
inner side and three on the outer, with sometimes the suggestion of a 
fourth. 

EVOTOMYS CALIFORNICUS sp. nov. 

Californian Red-backed Mouse. 

(Plate II, fig. 2.) 

Type No. iJSif, <? ad. U. S. National Museum (Department of Agriculture col- 
lection). From Eureka, Humboldt County, California, Juno 3,1889. Col- 
lected by Theodore S. Palmer. (Original number, 110.) 

Measurements (taken in flesh). — Total length, 161; tail vertebrae, 
50; pencil, 5; hind foot, 21 ; ear from crown, 6 (apparently defective 
at tip; measured from dry skin). 

General characters. — Compared with E. occidentalism the present form 
is larger, with longer tail and hind feet and shorter ears (the margins 
of the ears appear to be imperfect, and may have been slightly longer). 
The tail is distinctly bicolor, which is not the case in occidentulis ; it is 
dusky above and whitish below. There is less red in the dorsal area, 
and the black hairs are more conspicuous. The ground color above is 
lighter and has a grayish tint, especially on the sides, instead of being 
dark sepia-brown. The belly is white instead of salmon. The hind feet 
are much liehter. 

Cranial and dental characters. — The skull is larger, broader, and 
flatter than that of E. occidentalisj its nearest relative; the frontals are 
depressed and concave between the eyes, and also broader interorbitally; 
the zygomatic arches stand out more strongly in front, and the pari- 
etals are very much broader and flatter. The dental characters are 
essentially the same as in E. occidentalis. 
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DESCRIPTION OF A NEW MARTEN (MUSTELA CAURINA) FROM THE 
NORTHWEST COAST REGION OF THE UNITED STATES. 



By Dr. C. IIaet Mebeiam. 



The marten inhabiting the dense spruce forests of the heavy rain-fall 
belt along the northwest coast from northern Oalifomia to Paget Sonnd, 
and doubtless ranging much farther north, differs specifically from the 
eastern M, amerieana in both cranial and dental characters, and many 
of the departures from the latter animal are in the direction of the old 
world M. zibeUina. It may be known from the following description: 

MUSTELA CAURINA sp. nov. 

Type No.fjfil^ ^ yg-ad. Merriam collection. From Chehalis County, Wash- 
ington (coast near Gray's Harbor), February 4, 1886. Collected by L. C. 
Toney. 

Oeneral characters. — In external appearance Mustela caurina differs 
little from M. amerieana, the chief difference being that the irregular 
markings of the throat and under surface generally are orange-red in- 
stead of whitish or yellowish. A female taken at the same place and 
on the same day as the type has the flanks and even the upper parts 
suffused with the same color, giving the auimal a peculiarly rich and 
beautiful appearance. 

A young female, less than half grown, was collected by Mr. T. 8. 
Palmer, at Crescent City, in the extreme northwestern comer of Cali- 
fornia, June 19, 1889 (No. ^Jg^ U. S. National Museum). It is very 
woolly and the color is a uniform light seal brown, somewhat paler below, 
and interrupted on the throat by a yellowish patch. 

Cranial characters. — The skull oi^Mustela caurina differs from that of M. 
amerieana in the following particulars : The rostral portion is broader 
and shorter ; the audital bullae are shorter and less inflated ; the frontals 
are broader both interorbitally and postorbitally j the shelf of the palate 
is less produced behind the plane of the last molar; the first upper pre- 
molar is smaller and more crowded ; the upper molars are larger; the 
upper sectorial, in addition to its larger size, has the inner lobe very 
much larger and lotfger, projecting anteriorly beyond the plane of the 
anterior lobe, the reverse being the case in If. amerieana ; the last upper 
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rnoljir is not only larger, but has a much broader saddle ; the transverse 
diameter of the tooth is about one-third greater than in M. americaiia, 
and the anteroposterior diameter of the inner lobe is both relatively 
and absolutely much greater ; the distance between the outer alveoli 
of the upper canines equals the greatest length of audital bullje instead 
of being much less ; the transverse diameter of last upper molar is greater 
instead of less than the length of the upper sectorial ; the length of 
the first lower molar is less instead of greater than the antero-posterior 
diameter of the last upper molar, and equals instead of exceeding 
the greatest breadth of the upper sectorial. The under jaw is in every 
way larger and heavier ; the lower canine is not so strongly bent ; the 
first lower premolar is smaller ; the last lower molar is approximately 
of the same size; the lower sectorial is larger in both diameters; the 
three remaining lower teeth (second and third premolars and first molar) 
are uniformly shorter, thicker, and higher. The inner cusp of the lower 
sectorial is wanting in the male and nearly obsolete in the female. 

The above cranial and dental comparisons have be^n made with speci- 
mens from the Adirondack Mountains in northern New York, and in 
both cases with skulls of corresponding sex and almost exactly the same 
size. The resulting absolute measurements, therefore, as well as the 
ratios, are available for direct comparison. Both of the skulls of M. 
caurina are young adults, while those of M, americana are a little older 
though by no means old. Hence the breadth of the frontals postorbi- 
tally in M. caurina. is somewhat greater than if the skulls were fully 
adult. 

Measurements of skulls of Mustela caurina and M. americana. 



Af easureiuonlH of skull. 



IM. caurina, M. americana, 
Cbehalis ^diruuilackH, 

: Count J', Wash. New York. 



I 2578^ I 25779 4027.^ 49309 



Ito^ilar leiiptli from oomlylcto front of premaxillarv 

Basilar lenj;th of Hensel (from inferior lip of foramen ma^um to 

posterior riui of alvoolus of middle incisor) 

Gi-eatest zygomatic breadtli 

Breadth across postorbital processes 

Least interorbital breadUi 

Least postorbital breadth 

Distance from inferior lip of foramen maj^num to postpalatal notch . . 
Palatal length (from postpalatal notch to posterior rim of alveolus 

of middle incisor) 

Length of latoi-al series of teeth on alvtH)li (from front of canine 

to l>ack of last molar) 

Greatest breadth across molars (on alveoli) 

Greatest breadth across canines (on alveoli) 

Greatest length of under jaw (single half) 

Height of coronoid process from an$;le 

LenjKth of pterygoid fossa (from base of hamnlar to deepest part of 

postpalatal notch) 

Length of shelf of palate behind plane of alveolus of Inst molara 

Greatest length of audital bulla 

Least breadth of muzzle behind canine 
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Mea^urementf of teeth. 



Upper sectorial, length of crown 

Upper sectorial, breadth of crown 

Last upper molar, antero*p08terior diameter of outer lobe. 
Last upper molar, antero-poiterior diameter of inner lobe . , 
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Measurements of nk all a of Mustela caurina and M. americana — Continued. 
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DESCRIPTION OF A NEW SPECIES OF MOLOSSUS FROM CALIFORNIA 
(MOLOSSUS CALIFORNICUS). 



By Dr. C. Hart Merriam. 

M0I088U8 is a tropical American genus of bats, no species of which has 
been heretofore recorded from the United States, so far as I am aware. 
The subject of the present description is a huge animal, with immense 
ears, and of sooty-brown color. It was captured at Alhambra, in south- 
ern California, by Mr. E. C. Thurber, who writes me that it was found on 
the ledge over a door. Two others were caught during the same month 
(December, 1889), and both in similar situations. Mr. Thurber says of 
one of them : " It was hanging from the ledge of a window, swinging 
back and forth and knocking against the window as if to attract atten- 
tion. All were caught about 8 or 9 o'clock in the evening.'' 

Mr. Henry W. Henshaw tells me that when encamped in southern 
California several years agOj he saw and tried in vain to shoot, an enor- 
mous bat, much larger than any he had previously seen, which passed 
swiftly by in the light of the camp tire. 

The present species is closely related to Molossus perotis of Brazil. 
It may be known from the following description: 

MOLOSSUS CALIFOENICUS sp. nov. 

Type No. 5736 $ ml. Merriam collection. From Alhambra, Los Angeles County, 
California, December 14, 1889. Collected by E. C. Thurber. 

Denial formula. — Inc., }'},', c, Jl{; pm., ^2? ™'>3-3=^^* First upper 
molar minute, and wedged in angle between canine and second pre- 
molar, on the otiter side. Second premolar large ; higher than first 
molar. First lower premolar nearly as large as second. Lower incis- 
ors bifid and crowded. Lower canines with cingulum forming a dis- 
tinct cusp on inner side. 

Muzzle very obliquely truncated, as in M, perotiSj projecting 11™*" in 
front of upper incisors and deeply notched between nostrils. Lips smooth, 
without vertical wrinkles; a prominent glandular swelling in front of 
each eye; side of head immediately above and behind eye concave. 

Bars very large, their bases united in front, projecting slightly beyond 
muzzle. Ear conch broadly convex anteriorly and posteriorly, slightly 
convex on top, keel large and heavy, flattened externally. Tragus 
quadrate, higher than broad. Antitragus twice as long as high, nearly 
rectangular, highest a little behind middle, and separated posteriorly 
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from conch by a deep notch. Inside of ear conch (facing outward) 
haired in the form of a horseshoe, the hairs beginning on the superior 
margin of the keel about opposite angle of mouth and extending ante- 
riorly the full length of the keel, thence curving upward (leaving a, 
naked crescentic triangle in front) and reaching the upper border of the 
conch at the highest point anteriorly (on plane of nostrils) and thence, 
curving backward, forming a narrow fringe along the margin of the 
highest part of the conch and extending backward to a point opposite 
the angle of the mouth. The folds of the ear over the nose are densely 
haired on both surfaces, the hairs projecting forward over the nostrils. 
The anterior margin of the conch is reflexed and bare in Iront from the 
plane of the keel to the antero-superior rounded angle. 

Upper surface of wing membrane with a line of hair along the poste- 
rior margin of distal three-fourths of fore-arm, expanding in the apex of 
angles between the fore-arm and fifth metacarpal, and fifth and fourth 
metacarpals, but not invading the narrow space between the fourth and 
third metacarpals. There is a small, scant-haired strip immediately be- 
hind the metacarpo-phalangeal articulation of the third digit. Ante- 
brachial membrane naked in front of humerus, but haired in front of 
forearm, except at bottom of angle. No gular sac (may be present in 
male). Wings from junction of middle and distal third of tibia. Color 
sooty-brown, palest below, bases of hairs everywhere pale drab-gray. 

Measurements of type specimen. 

Head aud body 102 

Tail 60 

Free part of tail 13 

Head 4'i 

Height of ear (from lino of attachment above eye) 24 

Length of ear (antcro-posterior) 39 

Tragus, height from anterior base 4 

Tragus, breadth at top 2. 5 

Length of antitrngal lobe 11 

Humerus 41 

Fore-arm 73 

Longest finger 136 

Thumb 9 

r metacarpal 72 

rw,. . ,.. Istph 31 

Third fiuger^^^pj^ ^^^ 

^^ cartilaginous claw 8 

( metacarpal 70 

^. ,, « ] Istph 26 

fourth hngcr^^pj^ 5 

(^ cartilaginous claw 6 

metacarpal 38 

Istph 22 

2dph 6 

cartilaginous claw 5 

Tibia 22.5 

Hind foot 17 



Fifth tiuger< 
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DESCRIPTION OF A NEW PRAIRIE DOG FROM WYOMING. 



By Dr. C. Hart Merkiam. 



CYNOMYS LEUCtJRUS sp. nov. 

Type No. |^"f;9 atl- Merriam collection. From Fort Bridger, Wyoming, Sep- 
tember 15, 1888. Collected by Vernon Bailey. (Original unmber, 224.) 

Measurements (taken in flesh), — Total length, 335; tail vertebrae, 53; 
pencil, 21 (worn — much longer in other specimens); hind foot, 58-, ear 
from crown, 3 (in dry skin). 

General characters, —Similar in size and general appearance to C. gun- 
nisoniy of Baird, but readily distinguished from the latter by the color 
of the tail and by cranial characters. 

Goliyr (of type which has nearly completed the change from summer 
to fall pelage). — Upper parts from nose to basal half of tail grizzled gray- 
ish buff, much mixed with black over the posterior part of back and 
rump ; a broad, blackish patch over each eye, and a larger patch, griz- 
zled with buffy, on each cheek below the eye ; thighs buff, not mixed 
with black ; under parts generally soiled buffy white, deepest at base 
of tail ; throat and under side of face whitish. Tail, basal half con- 
color with upper and lower surfaces of body respectively ; terminal half 
whitish all round without trace of dark bar. Specimens in summer pe- 
lage are uniformly buffy or grayish yellow above, the black hairs being 
scarce and not noticeable, except on close examination. One specimen 
is almost brick red above, which may be due to staining from the soil. 

Specimens of Cynomys leueurns in summer pelage average lighter in 
coloration than 0. gunnhoniy and in fall pelage there is more black on 
the back. But the principal and most conspicuous difference is in the 
coloration of the tail, which in gunnisoni is concolor with the body, has 
a submargiual and subterminal black band, the tii)S of the hairs only 
being white; while in Icmurus the black band is absent and the termi- 
nal half or two-thirds of the tail is white. Moreover, the tail is shorter 
in leucurus than in gunnisoni. 

Professor Baird pointed out the striking difference in the tail of this 
s|)ecies as compared with that of gunnisoni, but having only two speci- 
mens of the present form and one of gunnisoni he did not separate them. 
5514— No. 4 3 33 
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Cranial characters.— ^The skull of C. leucurus agrees in the main with 
that of C gimnisotii as contrasted with 0. ludoviciamcs^ but differs from 
gunnisoni iu the following particulars: The occiput (viewed from bebind) 
is broader and flatter, and the mastoids are larger, flatter, and more 
completely iu the occipital plane ; the audital bullae are larger and the 
meatus is less produced laterally ; the nasals end more anteriorly com- 
pared with the nasal branches of the premaxillaries ; the greatest 
breadth across the nasal branches of the premaxillaries equals or ex- 
ceeds the iuterorbital breadth ; the antero-inferior angle of the zyfirooia- 
tic arch is thickened so as to form a small triangular plate (instead of 
being rounded off as in gunnisoni). 

The cranial differences which separate Cymnnys leucurus from C. ludo- 
vicianus are numerous and marked, as may be seen by consulting the 
following table, in which the differential characters are arranged an- 
tithetically: 

Cynomys ludovicianus. ; Cynomys leucurus. 

Audital hitllce. 

Moderate; constricted below meatus; I Much iniiaied; not constricted below 
meatus small. | meatus; meatus large. 

Greatest breadth across audital bullw equals distance from anterior lip of foramen mag' 

num to — 

Second molar (foarth molariform tooth), j First molar (third molariform tooth). 

Basi'ocdpital (on median line). 

Longer than broad. I As broad as long. 

Plane of occiput {viewed from behind). 



Arched, with mastoid portion small and 
anterior to x)lane of ex-occipitals. 



Depressed, with mastoid portion larfije 
and on same plane with exoccipi- 
tals. 



Frontal shield. 
As broad as long. | Much longer than broad. 

Interorbiial breadth. 



Almost equal to distance from postorbital 
process to fronto-nmxillary suture. 



One-third narrower than distance from 
postorbital process to fronto-max- 
illary suture. 



Nasals ending posteriorly. 

About on line with nasal branch of pre- I Anterior to nasal branch of premaxillary. 
maxillary. | 

Nasal branch of premaxillary. 



Ending about on line with fronto-max- 
illary suture. Widest at anterior 
lidge of zygomatic process of max- 
illary. 



Ending considerably posterior to fron to- 
maxillary suture. Of uniform width 
throughout. 
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CYNOMYS LUDOVICIANUS. | CyNOMYS LKUCUUU8. 

Greatest breadth airosa premaxiUaries. 

Much less thau iDterorbital breadth. Equal to or greater thau iuterorbital 

I breadth. 

Zygomatic arch with aniero-inferior angle. 

Sbarpj and thickened to form a heavy But slightly thickened, 
tnaugolar plate. I 

Coronoid process of mandible. 

Sliort, thick, and only slightly recurved. Longer, more slender, and more strongly 

recurved. 

Upper molar series. 

More than twice as far apart anteriorly I Not more than twice as far apart ante- 
as posteriorly. | riorly as posteriorly. 

Last lower molar. 

Mach longer than broad, with posterior ] About as broad as long, with posterior 
ousp prodaced. I cusp shortly rounded off. 
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Cranial charactrrH,— The skull of C. leucurns agrees in the maiu witli 
that of C. gnnnisoni as contrasted with C. ludoviciamcs^ but differs from 
gunniHoni in the following particulars: The occiput (viewed from behind ) 
is broader and flatter, and the mastoids are larger, flatter, and more 
completely in the occipital plane ; the audital bulte are larger and the 
meatus is less produced laterally; the nasals end more anteriorly com- 
l)ared with the nasal branches of the premaxillaries ; the greatest 
breadth across the nasal branches of the premaxillaries equals or <'X 
ceeds the interorbital breadth ; the antero-inferior angle of the zy ^oti< . 
tic arch is thickened so as to form a small triangular plate (instea<] 
being rounded off as in gunnisoni). 

The cranial differences which separate Cynoinys leucurus from (\ 
rhianus are numerous and marked, as may be seen by consult i 
following table, in which the differential characters are arrar 
tithetically: 

I'YNOMYS LUDOVICIANUS. ; CYNOMYS LEK » 

Audiial »m//cp. 

MtKlt^ratt^; ooiistrioted below meatus; Much inflated: not 
meatus simaU. | meatus; meatn^ 

(trtfifrxf brradth ncrmt amliUil ftn/Zfr eqtiaU distance from an*. 

II MM to — 

SkH^oiui molar ^fourth molarifonu tooth). • First molur 

Ba9%'Occ%pital (on mrdiati ' 
Loujsvr thau broad. Asbri;. 
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DESCRIPTIONS OF THREE NEW GROUND SQUIRRELS OF THE 
SPERMOPHILUS SPILOSOMA GROUP. 



By Dr. C. IlAiiT Merriam. 



In 1833 E. T. Bennett * published descriptions of a number of new 
species of mammals said to have been obtained in " tbat part of Cali- 
fornia which adjoins to Mexico." The exact locality from which these 
specimens came has always been in doubt. It has been long known 
that they did not come from any part of California, but from some part 
of Mexico. Prof. Baird supposed the locality to have been somewhere 
in southeastern Sonora, while Bachman believed it to have been in 
northeastern Sonora, or even Chihuahua east of the Sierra Mad re. 
This uncertainty as to the type locality of so many species has always 
been a matter of annoyance to those who have had to do with the spe- 
cies in question. Among these species is a small spotted spermophile 
which Bennett named Spermopkilus spilosoma. I shall not attempt to 
fix the type of this species, but assume for the present that it agrees in 
the main with specimens from northern Mexico and extreme western 
Texas. Regarding it as a central type, the related species which have 
been thus far described are the following: Spermophilus ohsoletus Ken- 
nicott, from western Nebraska, and three forms described by the writer 
(North American Fauna, No. 3, pp. 55-58), namely, S. ci^ptospUotuSj S. 
spilosowa pratensiSj and S.spiloHoma ohsidianus. To these, one additional 
8i)ecie8 and two subspecies are here added, making eight in all. The 
acquisition of the material on which all of the six new forms are based is 
due entirely to the biological explorations conducted by the Division of 
Ornithology and Mammalogy of the Department of Agriculture. The 
National Museum contains, outside of the Department of Agriculture 
collection, but two skins of the spilosoma group (collected nearly forty 
years »go by the Mexican Boundary Survey), and five of ohsoletus. The 
Department of Agiiculture series now numbers nearly sixty excellent 
skins, accompanied in each case by the skull. 

The new forms may be distinguished from those previously known by 
the following descriptions: 



•Proceedings of the Zoologirjvl Soeioty of Loiidon, 1H:J3, 40-41. 
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SrERMOPHILUS CANESCENS sp. nov. 

Typo No. K2]u <? Jm- U. S. National Museam (Department of Agricnitare col- 
lection). From Wilcox, Cocbise County, Arizona, November 16, 1889. Col- 
lected by Vernon Bailey. (Original number, 676.) 

Measurements (taken in flesb).-r-Total length, 166; tail vertebrae, 56 j 
pencil, 10 ; hind foot, 28 ; ear from crown, 2 (in dry skin). [Specimen not 
full grown.] 

Oeneral characters. — Similar to Spernwphilus ^ilosoma^ but with 
ground color drab-gray, without any^tingeof fulvous or rufous and with 
the white spots tending to coalesce laterally into irregular wavy trans- 
verse bars, which are so close together that the distance between 
them is less than the width of the markings. Basal third of tail cylin- 
drical; distal two-thirds distichous. 

Color. — Upper parts drab-gray, much obscured by hoary ; head and 
face hoary; back everywhere covered with transversely elongated whit- 
ish markings, which are much crowded and tend to run together later- 
ally, forming transverse wavy bars, separated by narrower dark wavy 
lines consisting of the dark tips of the hairs. Eyelids and under parts 
white. Tail above, grizzled grayish-drab, mixed with blackish on the 
terminal third, and bordered with buflfy ; tail below, buflfy with asubmar- 
ginal blackish band. 

SPERMOPHILUS SPILOSOMA MACROSPILOTUS subsp. nov. 

Type No. JljJglJ 9 ad. U. S. National Museum (Department of Agricaltnre col- 
lection). From Oracle, Pinal County, Arizona, June 11, 1889. Collected by 
Vernon Bailey. (Original number, 129. Teats, J.) 

Measurement^{i?iken in flesh). — ^Total length, 220; tail vertebrae, 74; 
pencil, 19;" hind foot, 30; ear from crown, 3 (in dry skin). 

General charOrCters. — Size medium; ground color above russet-hazel ; 
dorsal spots large, distinct, and far apart. 

Color. — Ground color above, russet-brown, slightly paler over the nose; 
top of head and neck mixed with light-tipped hairs ; dorsal spots very 
large, distinct, distant, roundish in outline, and indistinctly bonlered 
posteriorly with dusky; under parts whitish. Tail above, proximal 
half concolor with back ; distal half mixed buflfy and black with a buflfy 
border. Tail below, pale ochraceous buflf with a partly concealed sub- 
marginal black band. 

Genefi'dl remarks. — The above description applies in every particular 
to three adult specimens from Oracle. The young diflfer in « being 
brighter colored and in having the dorsal spots smaller, less spaced, 
and not so round. 
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SPERMOPHILUS SPILOSOMA MAJOR subsp. nov. 

Ty-pel^o, m\i 9 ad. U. S. Natioual Museom (Department of Agricoltnre collec- 
tion). From Albuqnerqney New Mexico, July 22, 1889. Collected by Vernon 
Bailey. (Original number, 225. Teat«, §.) 

Measurements (taken in flesh). — Total length, 234; tail vertebraB, 80; 
X>euci], 18 ; hind foot, 35 ; ear from crown, 3 (in dry skin). 

Oeneral characters, — ^This is the largest member of the group thus far 
discovered, and its color is diflfereut from any of tlie others, being inter- 
mediate between spilosoina and obsoletus. 

Color. — Ground color above broccoli brown, tinged with pale fulvous 
over the nose. Spots indistinct and ill defined, bordered posteriorly 
with dusky; most numerous over the rump. Under parts white. Tail 
above, proximal half pale reddish-brown, distalhalfbuffv brown with 
a sabmarginal black band, bordered with pale buff; tail below, buffy 
with a partly concealed submarginal black band. 

General remarks. — A series of a dozen specimens of this subspecies, 
collected at Albuquerque in July, 1889, by Mr. Bailey, shows the changes 
resalting fh)m differences in age and in the wear of the pelage. In the 
yonng the upper parts are pale vinaceouscinnamon, the dorsal spots 
are much more distinct, and both sides of the tail more reddish-brown 
than in the adults. Adults in worn pelage have the tail pale cinnamon- 
rafons, and the upper parts faintly tinged with reddish -brown— exposed 
by the wearing away of the light tips of the hairs. 

In color and markings, Spermophilus spilosoma major is intermediate 
between S, spilosoma and 8. obsoletus^ though it lacks the coal-black 
edgings to the indistinct spots of the latter, and is larger than either. 
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DESCRIPTIONS OF THREE NEW KANGAROO RATS, WITH REMARKS ON 
THE IDENTITY OF DIPODOMYS ORDIl OF WOODHOUSE.* 



By Dr. 0. Hart MereiaM. 



In North American Fauna, No. 3, I proposed the genus Dipodops for 
the kangaroo rats having five toes on the hind feet, as distinguished 
from Dipodomys proper, which has but four toes.t In several instances 
the external resemblances between species belonging to one genus and 
those belonging to the other are so exceedingly close that it is unsafe 
to name museum specimens without actuaUy counting the toes. The 
most extraordinary and perplexing instance of this kind which has come 
to my notice is that of two species inhabiting the same localities at El 
Paso, Tex. They are so much alike in size, color, and proportions, that, 
without reference to the number of toes, the closest scrutiny is neces- 
sary to discriminate between them. In fact, the differences are so slight 
that a naturalist of note has suggested to me that they might be one and 
the same species, the presence or absence of the useless digit being a 
mere individual variation, as is known to be the case in the kittiwake 
gull {Rissa tridaetyla). The possibility of such a parallel was so con- 
trary to the results of my study of the group (having examined several 
hundred specimens without finding a single instance of individual vari- 
ation, either in the number or relative size of the digits) that I felt im. 
pelled to make a particularly critical study of the El Paso kangaroo 
rats for the ])urpose of ascertaining the facts in the case. Owing to the 
indefatigable zeal of the chief field naturalist of the Division, Mr. Vernon 



* It was my Intentiou to publisli a revision of the North Americau kaugaroo rats in 
the present number of Fauna, but unforeseen delays, particularly in securing proper 
illnstrations, have prevented. 

1 1 am aware that Dobson has published a special paper *'0n the Unimportance of 
the Presence or Absence of th«^ Hallux as a Generic Character in Mammalogy " (Proc. 
Zool. Soc. London, 1884, 402-403); but his argument was b.'isod wholly upon a study 
of the hallux in the insectivorous hedgehogs {Erinaccun)^ a group which presents, ac- 
cording to his own statement, all intermediate conditions in the development of thi 
digit, and in one species of which {E. allnventris) Dr. Dobson found an individnal, an 
old female, which had a hallux on the left foot but not on the right. No such varia- 
tions occur in the ^Qwn^ Dipodopa ; in fact, the constancy in the length of tlie hallux 
in the several species is remarkable, as will appear in my forthcoming paper on the 
g^onp. • 
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Bailey, a series of sixteen beautifully prepared specimens was available, 
including both sexes- and different ages of both species, accompanied 
by tables of measurements taken in the flesh. The results of this 
study may be briefly stated : The two forms may be distinguished with- 
out counting the toes, by external differences of color and proportions, 
constant though slight, and by numerous cranial characters. (The lat- 
ter are pointed out under the head of Dipodomys ambiguus, where the 
cranial characters of the two animals are contrasted in detail.) There- 
fore, notwithstanding the close external resemblance of the two El Paso 
kangaroo rats, they really are not closely related at all, but belong to 
distinct genera. Mr. Bailey, who collected the specimens, writes me that 
he had no difficulty in distinguishing them in the flesh, the Dipod4>ps be- 
ing stouter and heavier than the Dipodomys, and having a thicker and 
shorter tail. 

Careful comparison of Woodhouse's original description of D. ordii 
from El Paso, Tex., with the present excellent series of both forms 
from the same locality, has convinced me that D. ordii is the 5-toed ani- 
mal (a Dipodops) leaving the 4-toed (a Dipodomys) to be described. The 
latter is here named Dipodomys ambiguus^ and Dipodops ordii is rede- 
scribed from abundant material accompanied by trustworthy measure- 
ments taken in the flesh. 

DIPODOMTS AMBIGUUS sp. nov. 

Type No. \l\i\l ^ ad. U. S. National Museum (Departmeot of Agrical tare collec- 
tion). From £1 Paso, Texas, December 13, 18d9. Collected by Vernon Bailey. 
(Original number, 782.) 

MeoMirenients (taken in flesh). — Total length, 233 ; tail vertebrae, 133; 
I)eucil, 32 ; hind foot, 37; ear from crown, 7 ; from anterior root, 12 (iu 
dry skin). 

General characters. — Hind toes, 4; size rather small for a true Dipo- 
domys. Terminal third of tail crested-penicillate. Closely resembles 
Dipodops ordiij from the same locality, but is more slender and the color 
of its upper parts is butfy-drab instead of deep ochraceons-buff. 

Color. — Upper parts buflfy-drab, brightest on the sides, where it is 
faintly tinged with pale ochraceous-buflF, and everywhere mixed with 
black-tipped hairs, which are most conspicuous on the rump. Upper 
tail-stripe dusky from basal ring to extreme tip, the bases of the hairs 
white; lower tail-stripe dusky, and when unworn reaching the dusky 
tip, leaving a white stripe on each side which ends about opposite the 
end of the vertebrae. 

Cranial characters. — Compared with Dipodops ordii the skull of Dipo- 
domys ambigiius is broader interorbitally ; the length of the nasals is 
about equal to the interorbital breadth at plane of lachrymals ; the ex- 
panded orbital bridge of the maxillary ends postero-laterally in a small 
projecting lobule, with a concavity in front of it; the breadth of the 
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frontals posteriorly is about equal to the distance from the foramen 
magnum to the incisive foramina, and is considerably greater than the 
distance from front of incisor to back of last molar ; the postero-supe- 
rior angle of the squamosal is sharply angular ; the height of cranium 
above symphysis of audital bullsB is much less than the interorbital 
breadth at plane of lachrymals ; the angular process of mandible is rel- 
atively short and blunt; the breadth of the skull Jicross the inflated 
mastoids equals the distance from the anterior lipof the foramen magnum 
to the posterior rim of alveolus of incisor; the greatest breadth across 
the zygomatic processes of the maxillaries equals the distance from 
occipital condyle to front of incisive foramina. 

Dipodomys ambiguus is closely related to i). merriami, recently de- 
scribed by Dr. Mearns,* but diflfers from it in having shorter ears and 
tail and longer hind feet. The thigh patch is very much smaller — hardly 
a third as large as in D. merriami. Unfortunately, the skull of the 
latter has been lost, so that no cranial comparisons can be made. The 
examination of specimens from intermediate localities may result in re- 
ducing ambiguus to subspecific rank. 

CRANIAL CHARACTERS OF Dipodomys ambiguus contrasted with those of IHpodops 

ordii, 

DIPODOPS ORDII. I DIPODOMYS AMBIGUUS. 

InierorhUal breadth at fronto-parielal suture. 

--= Distance from front of incisor to back Much longer than distance from front of 

of last molar. ' incisor to back of last molar. 

= Distance from parietals to middle of ' Longer than distance from parietals to 

nasals. i middle of nasals. 

= Distance from foramen magnum to front . Much longer than distance from foramen 

of molar series. i magnum to front of molar series. 

Considerably less than distance from for- | About eqnal to distance from foramen 

amen magnum to incisive foramina. { magnum to incisive foramina. 

About equal to distance from fronto-pre- 
maxillary suture to interparietal. 



Less than distance from fronto-premaxil- 
lary suture to interparietal. 



Breadth of orUtal bridge of maxillary. 

Much less than width of rostrnm across ^= Breadth of rostrum across widest part 
widest part of premaxillaries. i of premaxillaries. 

Expanded orbital bridge of maxillary. 

Narrowly rounded off postero-laterally, I Ending postero-laterally in a projecting 
without trace of projecting lobnle. I lobnle. 

Post-palatal notch. 

Beaching plane of interspace between sec- I Barely reaching plane of middlo of last 
ond and third molars. I molar. 



* Bull. Am. Mus. Nat. Hist., N. Y., ii, -290-291. Separates issued February 21, 1890. 
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DIPODOrs ORDII. I DIPODOMTS AMIiTGUUS. 

Length of nasal bones. 

Mnch greater thau inter-orbital breadth i Equal to ioterorbital breadth at plane of 
at plane of lachrymals. | lachrymals. 

Breadth of middle portion of hasi-occipital. 

About half, or less than half, its length. | Considerably more than half its length. 

Tympanic captmle terminating anteriorly. 



On same plane with inflated mastoid, the 
two together forming a uniformly 
rounded mass. 



In a blunt projection below the inflated 
mastoid, the latter beiug concave or 
emarginate Immediately above it. 



Posiero-superior angle of squamoaal. 
Broadly rounded. | Sharply angular. 

Greatest vertical depth of inflated mastoid. 
= Length of nasals. I Loss than length of nasals. 

Height of cranium ahore symphysis of audital hulla'. 
^= Interorbital breadth. | Much loss than interorbital breadth. 

Condylar process of mandible. 
Twice as long as broad. ; Nearly jis broad as long. 

Angular process of mandible. 



Very long and sharp (distance from tip to 
tip much greater than distance from 
condyle to tip of incisors). 



Relatively short and blunt (distance from 
tip to tip about equal to or slightly 
exceeding distance from condyle to 
tip of incisors). 



Greatest breadth of cranium across inflated mastoids. 

Exceeds distance from anterior lip of l Equals distance from anterior lip of fora- 
forainen magnum to alveolus of in- i men magnum to alveolus of incisor, 

cisor. I 

Greatest breadth across maxillaries. 

Equals distance from occipital condyle to '■ Equals distance from occipital condyle to 
posterior border of incisive foraminn. anterior border of incisive foramina. 
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Measurements {taken in the flesh) of Bipodomys ambiguusfrom El Paso, Ttxas. 



National Orig- 

Museuui inal 

No. No. 



Locality. 



18143 

2504! i 

18145 

25043 

18147 

25045 

18139 

25087 

18146 

25044 

18148 

25046 

18149 

25047 

18144 

25042 

18140 

25038 

18136 

25034 

18138 

25036 

18137 

25035 



I 



Date. 



I 



Tail 



S«x. ,--,•«... 



1889. 

768 El Paso. Tex Dec. 11 | d" 

' ! 

775 I ...do Dec. 12 (f 

782 I. ...do Doc. 13 rf ad. 

783 ....do J Dec. 13 d* a<l. 

794 do...*. I Dec. 14 1 9 im. 

795 ....do Dec 14 (f 

i I 

800 ....do Dec. 15' cf Ad. 

I 

801 ....do j Dec. 15, ? 

806 ....do I Dec. 17 | d" 

' j 

807 ....do j Dec. 17 J 

I 
Dec. 18 9im. 

I 

Dec. 17 $ ini. 



818 
808 I 



do 

do 



236 ' 
233 ' 

I 

245 

240 ' 

250 

257 

218 

I 
261 

251 

210 j 
250 



147 
141 
133 
145 
145 
154 
155 
152 
154 
150 
111 
149 



Hind 

foot. 



38 

3S 

37 

'^8 

38 

37 

39 

38.5 

39 

38.5 



Kcmarks. 



Type. 



BIPODOPS OKDII Woodhouse. 

Dnplicate typo No. A'i3§ $ ad. U. S. National Museiuii ( Department of Agricult- 
ure collection). From El Paso, Texas, December 11, 1889. Collected by Vernon 
Bailey. (Original number, 769.) 

Measurements (taken iu tiesb). — Total leugtb,240; ttiil vertebrae, 134; 
peDcil, 30; hind foot, 38. Ear from crown, 7 ; from anterior base, 12 (in 
dry skin). Length of hallux from heel, 20. 

General characters. — Hind toes, 5; size, rnediam ; form, stont and thick 
set, with a thick tail ; tail, crested-penicillate on terminal third ; general 
color, deep ochraceous-buff, brightest on the sides. 

Cotor.— Upper parts from tip of nose to base of tail, and extending 
down outer side of leg to heel, deep ochraceous-buff varying to ochra- 
ceous, darkest on the back and brightest on the sides, not conspicu- 
ously mixed with black-tipped hairs except on the rump. Upper tail- 
stripe dusky from basal ring to extreme tip, the hairs white at base; 
under tail-stripe dusky, sometimes reaching and sometimes falling 
short of the dusky tip. Lateral tail-stripes white, reaching to or a little 
beyond end of vei tebne. 

Cranial characters. — Compared with DipodomyH amhiguus from the 
flame locality (El Paso, Tex.), the skull of Dipodops ordii is narrower 
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interorbltally ; the leugth of the nasals is considerably greater than the 
interorbital breadth at plane of lachrymals; the expanded orbital 
bridge of the maxillary is shortly rounded off postero- laterally ; the 
breadth of the frontals posteriorly is considerably less than the dis- 
tance from the foramen magnum to the incisive foramina, and aboat 
equals the distance from front of incisor to back of last molar ; the 
postero-superior angle of squamosal is broadly rounded^ the height of 
cranium above symphyses of audital bullse equals interorbital breadth 
at plane of lachrymals ; the angular process of mandible is relatively 
long and sharp. The cranial characters of Dipodops ordii have been 
contrasted with those of Dipodomys ambiguus under the head of the lat- 
ter animal. 

Measurrmcnta (taken in the flesh) of Dipodops orrfti, from El Paso, Texas, 



KatioDal Orie- 

Museam inal 

No. No. 



18142 
25040 I 
18135 ' 
25033 , 
18141 I 
25030 I 
18150 
25048 1 
18134 ' 
25032 



764 



Locality. 



Date. 



1880. 



T«i«i Tail 
Sex. ,^^l^l I verte- 
length. ^ 



763 ElPaao, Tex 1 Dec. 10 ' cf 

! i 

769 ... do 1 Dec. 11 ' $ 

781 ...do Dec. 13 (/ ad. 

802 do '. : Dec. 16 cfjuv. 



Hind 
foot. 



.do , Doc. 10 



231 
340 



210 
231 



133 
134 
138 
120 
131 



38 
37 

38 
38 



DIPODOMYS SPECTABILI8 sp. nov. 

Type No. iJSiS <J ad. U. 8. National Museam (Doparttneut of Agricalture col- 
lection). From Dos Cabezos, CochiHe Coanty, Axizona, November 22, 18d9. 
Collected by Vernon Bailey. (Original number, 695.) 

. Measurenients (taken iu flesh). — Total length, 350 ; tail vertebne, 211 ; 
pencil, 30; hind foot, 52. Ear, from crown, 10 ; from anterior base, 16 
(in dry skin). 

Oeneral characters. — Largest of the genus, equaling or even surpassing 
D. deserti iu size. Tail with hairs nearly twice as long as head and 
body and very handsome, having a long terminal brush of pure white 
surmounting a broad band of black ; hairs on proximal half of tail 
short and appressed ; of terminal half, long and free ; at the same time 
the tail is not distinctly crested above as in several other species. 

Color. — Upi)er parts, from nose to root of tail, ochraceous-bufF mixed 
with black-tipped hairs, brightest and purest on tho sides, palest on 
the cheeks, and mixed with clay-color on the head. Hip patch ochra- 
ceous, becoming dusky as it passes down the leg and dilating behind 
the ankle so as to form a large blackish spot which reaches the heel. 
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Supraorbital white spot obscured. Upper and lower tail stripes dusky, 
meeting a little behind the middle and forming a broad black subtermiual 
band (occupying about one-third the total length of the tail), beyond 
which is a large terminal brush of pure white. The white side-stripes 
disappear a little beyond the middle of the tail. 

Cranial characters. — Skull large and heavy for a Dipodomys. Inflated 
mastoids separated on top of the skull by about 3™"', so that there is a 
distinct interparietal, cuneate in shape. In D. fieseriiy the only species 
approaching D. spectabilis in size, the mastoids meet immediately behind 
theparietals, having at most an inconspicuous spicule between them. The 
two species differ further in the maxillary bridge of the orbit, which is 
ftilly a third broader in apectabilis than in deserti, and in the inter-or- 
bital breadth of the frontal, which is much greater in the former. D. 
deserti has the flattest skull of any known member of the genus } in D. 
^^tabilis it is higher and the mastoids are more rounded. In D, spec- 
ioMlis the antero-posterior diameter of the orbit just outside of the lach- 
rymal is equal to or less than the length of the fron to-maxillary suture, 
while in deserti it is much greater. In D. spectabilis the breadth of 
cranium across inflated mastoids equals the distance from anterior lip 
of foramen magnum to tips of upper incisors (fallingfar short of alveolus) 
while in deserti the mastoid breadth equals distance from same point to 
front of alveolus of upper incisor. In D. spectabilis the greatest breadth 
across maxillaries equals distance from occipital condyle to front of in- 
cisive foramina, in deserti to posterior border of same foramina. In 
D. spectabilis the condylar process of the mandible is broader and bent 
upward at a stronger angle than in deserti, and the transversely elon- 
gated angular process is very much longer. 

Oeneral remarks. — ^This elegant species presents the darkest tail and 
richest coloration known in the genus, while its" nearest relative (1>. 
deserti) is distinguished from all others by the pallor of its colors. In 
some respects D. spectabilis resembles the type of the genus {D.phillipsi), 
but it is very much larger and requires no comparison with that species. 
D. spectabilis inhabits a wide range of country in the lower Souoran 
faunal province. The Department of Agriculture series consists of 
thirtx beautifully prepared skins and skulls (all collected by Mr. Bailey), 
from the following localities : Oracle, Galabasas, and Dos Cabezos, Ariz.; 
Deming and Albuquerque, New Mexico; Sierra Blanca, Tex.; and Mag- 
dalena, Sonora, Mexico. The largest specimens are from Albuquerque 
and may merit subspecific separation. 

The following table of measurements affords an index to the variation 
in size in the several localities. 
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Measurements (taken in flesh) of thirty specimens of DipodomyH spectabilis from various 

localitieH. 



National Orijs- 

Mii<«eum iiml 

No. ; No. 



Locality. 



Bate. 



Total 



Tail ; 



Hind 



1C821 
23732 
16822 
23733 
16823 
23734 
17745 
24686 
17746 
24687 
17747 
24688 
17748 
24689 

17749 I 
24690 I 

17750 I 
246^1 I 

17751 I 
24692 ; 
17752 
24693 
17753 
24694 
17754 
24695 
22652 
17886 
24823 
17887 
21824 
17888 
24b26 
17Hf9 
2482ii 
17820 
21757 
17821 
21758 
17131 
21064 
17133 
24U6G 
ni32 
24005 
18019 
24U30 
18065 
24964 
18C66 
24965 
1K067 
24966 
18002 
24990 
1^«)9I 
2498J 
18093 
24991 



■ l.*R9. 
139 Oracle, Ariz ..Jiiiu' 12 Jail. 



140 ilo Juuo j2 / im. 

141 ...do .* June 12 Q ml 

i i 

005 Calaboaas, Ariz .Oct. 26 (/ ad. 

606 ... .do Oct. 26 r 

i ' 

610 I. ...do Oct. 27 cf ad. 

I I 

611 ..do ' Oct. 27 9 

012 ...do Oct. 28 ^ 

614 ...do Oct. 29 .fad. 



length. Y^";;* • foot. 
52 



KemarlcH. 



I 
615 ....do 



I 



..do . 
. do . 



618 ...do 

619 ....do 

695 Dos Cabozos, Ariz 



702 ....do 

703 ....do 

704 do 

620 Ma;;dalena, Mexico... 

621 '-...do 

226 Albuqiierquf, N. Me.\ . 

227 do 

230 



Oct. 2!» 9 

0«t. 29 9 

I I 

Oct. 29 ; ,f ad. 

Oct. 29 1 9 

Oct. 29 cT ad. 

Nov. 22 J- ad. 

I 

Nov. 23 9 ira. 

Nov. 23 9 

Nov. 23 9 



(f ad. 



Nov. 2 

Nov. 2 

.July 23 ,f jid 

.luly 23 J ad 



-do July 24 9 

753 Doniin;;, N. Mi*\ Dec. 5i 9 ad. 

754 ....do I Die 6 d* ad. 

I 1 

755 ...do Dec. 6 9 Juv. 

75<) do Dec. 6 /juv. 

8.'2 Si.ini r.l.mca, T(»\ ! Dor. 21 9 

819 .. «Io 

851 ...do 



353 206 

I 



341 
330 
325 
313 
325 



202 
193 
187 
179 
196 



315 184 
325 194 



310 

330 

325 

333 

335 
320 
350 

331 



200 

200 

195 

198 

204 
192 
211 

190 



355 
390 
350 



220 
236 
215 



350 206 
345 203 



51 

47 

50 

49 

44 

48 

45.5 

52 

50 

4» ) 

48 

47 ; 

48 , 
52 



Typ«. 



335 


194 


51 


350 


209 


54 


320 


183 


48 


320 


187 


48 



51 
51 
54 

48 
48 
56 
57 
55 i 
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DIPODOMYS CALIFOKNICUS sp. uov. 

Type No. iSHf <? ^d. U. S. National Museum (Department of Agricalturo col- 
lection). From Ukiah, Mendocino Connty, California, May 4, 1889. Collected 
by Theodore S. Palmer. (Original unmber, 46.) 

Me€i8urem€nts (taken in flesh). — Total length, 302; tail vertebrae, 183; 
hind foot, 43; pencil, 16. Ear, from crown, 9; from anterior base, 16 
(in dry skin). 

General charcuiters, — Size medium, about equaling D. agilis ; ears 
large ; tail long, with a pure white pencil ; tail crested peniciilate, but 
crest not conspicuous; color darker than in any other known species of 
the group. 

Color. — Upper parts from nose to band across thigh sepia-brown, suf- 
fused with pale ochraceous-buff, which is brightest on the sides. Thigh 
patches large, becoming dusky in passing down the legs, and forming 
a black spot behind and on the sides of the ankle. Eyelids black, 
supraorbital white spot distinct; black mark at base of whiskers large 
and distinct. Upper and lower tiiil stripes black, meeting a short dis- 
tance in front of terminal pencil, which is pure white. 

Cranial characters. — Top of skull considerably arched (relatively) ; 
mastoids about 3™"» apart ; interparietal not twice as long as broad; 
height of brain case above symphysis of audital bullfe considerably 
greater than breadth of united frontals between lachrymals; lachrymals 
large ; expanded orbital bridge of maxillary broad ; interorbital breadth 
at posterior border of fronttUs equal to distance from inferior lip of fora- 
men magnum to center of crown of premolar; breadth across inflated 
mastoids equal to distance from occipital condyle to front of incisive 
foramina; greatest breadth across zygomatic processes of fiiaxillaries 
equal to distance from occipital notch to nasals; angular process of 
mandible long and pointed. 

Measurementn (taken in JUah) of IHpodomya cahfornicm. 
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DESCRIPTION OF A NEW POCKET GOPHER OF THE GENUS GEOMYS, 
FROM WESTERN NEBRASKA. 



By Dr. C. Hart Merriam. 



Numerous Bpecimens of pocket gophers received from the sand hiHs 
of western Nebrask.i differ from typical Oeomys bursarius of the Mis- 
sissippi Valley in paler coloration, and in never attaining tiie size of 
fall-grown individuals of the latter species. For the present the new 
form will be treated as a subspecies as follows : 

GEOMYS BURSAEIUS LUTESCENS subsp. nov. 

Type No. i^jJJ $ ad. U.S. National Museum (Department of Agriculture col- 
lection). From Sand Hills, Birdwood Creek, Lincoln County, Nebraska, May 
27, 1889. Collected by A. B. Baker. 

Measurements {tSLkeu in flesh). — Total length 265 5 tail vertebrae 86 ; 
bind foot 33. 

Color. — Upper parts uniform buffy-clay color except the nose, which is 
dusky. Under parts similar to the upper, but paler, and with the plum- 
beous basal fur showing through. 

Cranial cliaracters. — Compared with skulls of Oeomys hursarius of the 
same size, G. hursarius lutescens is heavier, with more strongly devel- 
oped ridges and processes. The inflated mastoids are larger, occupying 
a larger part of the occipital plane of the skull, and bulging further 
posteriorly. The audita! bullae also are somewhat larger. 
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DESCRIPTION OF A NEW SPECIES OF HESPEROMYS FROM SOUTHERN 

FLORIDA. 



By Dr. O. Hart Mebriam. 



Ill tbe spring of 1889, Mr, Morris M. Green, an assistant in the Di- 
vision of Ornithology and Mammalogy, was sent to southeastern 
Florida ior the purpose of studying its fauna and collecting the mam- 
mals and birds of the region. Among other specimens of interest he 
brought back a dozen skins and skulls of a large and highly-colored 
white-footed mouse, which has not been described. It belongs to asub- 
tropical group, and is closely related toHesperomysfloridanus Chapman.* 
Two were captured at Canaveral and ten at Lake Worth (on the east 
side of the lake). Mr. Green states that '* they burrow in the sand and 
eat the seeds of scrubpalmettoes, but are most common in parts of the 
scrub where there are few scrub-palmettoes and many scrub-oaks.'^ 
The new species may be known from the following description : 

HESPEEOMYa MACROPUS sp. nov. 

(Plate III, teeth.) 

Type No. iljfi'5 ^ ud. U. S. National Museum (Department of Agriculture col- 
lection). From Lake Worth, Florida, May 5, 18?9. Collected hy Morris M. 
Green. (Original number, 72.) 

Measurements {t3>keu u\ flesh). — Total length 203; tail vertebrae 90; 
hind foot 29; pencil 2. Ear from crown 17; from notch 21 (in dry 
skin). 

Oeiieral characters. — Size large; hind feet very long. Soles naked 
to heel. Ears large and broad; tail of modinm length, nearly naked, 
showing the annuli distinctly ; a distinct pectoral spot; whiskers very 
long and stiff. 

Color, — Upper parts buffy-ochraceous, brightest on the sides, and 
mixed with black-tipped hairs along the back, forminga distinctly darker 
dorsal area. Under parts, including sides of nose in front of whiskers, 
creamy-white, with a distinct ochraceous spot on the breast. Tail con- 
color, slightly paler below tiian above. 

*Bull. Am. Mu8. Nat. Hist., N. Y., II, :^, 117. Separates issued June 7, 1880. 
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Cranial characters. — Skull very large and long (basilar length from 
occipital condyle tx) front of premaxillary 27.5 ; greatest length 30.5 ; 
length of molar series of teeth 4.2 ; interorbital breadth 4.6), its size 
alone being sufficient to distinguish it from any other species inhabit- 
ing the United States, not excepting H. californicus. The brain case 
is moderately arched above, and there is an indistinct supraorbital bead, 
which is continued posteriorly as a slight ridge along the parieto-squa- 
mosal suture. The rostral portion of the skull is long ; the nasals long^ 
narrow posteriorly, and extending backward considerably beyond the 
nasal branches of the premaxillaries. The incisive foramina reach the 
plane of the first molar; the palatal notch does not reach plane of last 
molar ; the palatine foramina are situated opposite the second molar in- 
stead of on the plane of the interspace between the first and second. The 
zygomatic arches are very slender, broadest posteriorly, and dip down 
to the plane of the palate; in the dry skulls they curve in a little jast 
in front of the widest part. The interparietal is narrower antero-pos- 
teriorly than In JJ. leucoptis or ff. gossypinus, 

Oeneral remarlcs. — Hesperomys ma^jropus requires comparison with bat 
one species, H, floridanus. It differs from floridanus in color and iu 
having larger ears (21 instead of 17.5 from notch), much longer hind 
feet (29 instead of 24), and larger and stiffer whiskers. No cranial com- 
parisons can be made with H, floridanus^ because the skull of the latter 
was not preserved. 

I am indebted to Dr. J. A. Allen, curator of mammals and birds in the 
American Museum of Natural History, for the loan of the type speci- 
men of Hesperomys floridanus for comparison with the present species. 
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Califomian Red-backed Mouse, 26. 
Colobotis (Subgenus), 18. 
Conepatns, 2. 
Cynomys gnnnisoni. 33, 34. 
lencurns, 33-35. 
liidovicinDU4, 84-35. 
ladovicianus compared with leucnruH, 
34-36. 
Dlpodomya (genna), 41,42. 
agilia, 49. 

ambiguua, 42-45, 46. 
californicna. 40. 
desert!, 46,47. 
merriami, 43. 
phillipsi. 47. 
apecta bills. 4C-48. 
Dipodops, compared with Dipodoinya, 41-42. 
oidii, 42,45-46. 

compared with Dipodomys ambi- 
• guD8,43-44. 
Erinaceua albiventiia, 41. 
Evotomys (genus), 23, 24, 26. 
califumicns, 26. 
carolinenaia, 23. 
galei. 23-24. 
gapperi. 23,24,25. 
Occident alls. 36-26. 
rutilaa, 24. 
Gale'a Red-backed Mouse, 23-24. 
Geomys burHarioa, 51. 

luteacen^, 51. 
Ground Squirrel. 17-22. 
Hesperomys califomicns, 54. 
tloridanna , 53, .54. 
goasypinufl, 14. 
lencopua, 54. 
macropus. 63-64. 
Kangaroo Rat, 41-49. 
Marten, 27-29. 
Mephitis (genus), 2, 4, 5, 11. 
bicolor, 5, 6. 
interrupta. 5, 8, 9. 
qnater linearis, 5, 6, 8. 
Molossus (genus), 31. 

californicus, 31-32. 
perotis, 31. 
Mouse, Califomian Red-backed, 26. 
Gale's Red-backed, 23-24. 
Western Red backed, 25-26. 



Mouse. White- footed, 53. 
Mustela americana, 27, 28, 29. 
oanrina, 27- 20. 
zibellina, 27. 
Phenacomys, compared with Evotomys, 24. 
Pocket Gopher, 51. 
Prairie Dog, 33-35. 
Skunk, Little Striped, J -15. 
Spermophilus (genus), 18. 

spilosoma group. 37-39. 
canesoenn, 38. 
cr>ptospilotus, 37. 
obaolet^is. 37. 39. 
spilo9om&, 37, 38, 39. 

macrospilotus, 38. 
roi^or, 39. 
obsidianus, 37. 
pratensis. 37. . 
Spilogale (genus), 1-7. 

contranted with Mephitis, 4-5. 
graciliSj 2, 4, 6, 12, 13, 14. 
indianola, G. 7, 8, 10. 
interrupta, 6, 7, 8-9, 10., 
leucoparia, 3, C, 7, 11-12. 
lucasana, 3, 6, 11. 
phenax, 6, 12, 13-14, 15. 
latifrons, 6, 16. 
putoriua, 3, 5, 6, 7-8, 9, 10, 11, 12. 
ringens, 2, 7, 8, 9-10. 
saxatilis, 6, 12, 13. 14. 
Tamiaa (genus), 18. 

harrisi group, 21, 22. 
lateralis group, 17-20. 
minimus graup, 22. 
Tamias rastanuruH, 18, 10, 20. 
chrysodeiruB, 18, 19-20. 
cinerasc^ns, 18, 20. 
harriHi, 21, 22. 
interpres, 21, 22. 
lateralis, 17, 18, 20. 
leucurus, 21, 22. 

cinnnmomens, 21, 22. 
minimus consobrinus, 22. 
melanurus, 22. 
Vivcrra pntorinn, 5, 7. 

zonilla, 6. 
Western Red-backed Mouse, 25-26. 
White-footed Mouse, 53. 
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PLATE I. 

(All natunil 8ize. ) 

l-'.l. SinJogale phcnax (No. ']].\Vo) ^ :ul. Nicasio, California. Type, 
4-0. SpUogale hucopnria (No. \V-l) ^ ad. Mason, Texas. 

(Fig. G shows tlie iiiliatod mastoid capsules from beliiiid.) 
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1 :i .Sf,>l,.,,nlr j.hmn.r s]> linv. 



I I'l. .s". lr)tru},iivi<i sp. n<»v. 
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PLATE II. 

(All magnified about 15 diameters.) 

1. Evoiomyn occidentalis (No. m\\)^ ad. Aberdeen, Washington. Type. 

a. Upper molar series. 
h. Lower molar aeries. 

2. Evotomys caUfornicus (No. t?oI?) ad. Eureka, California. Type. 

a. Upper molar series. 
h. Lower molar series. 

3. Evotomys galH (No. Vi^i)9 ad. Gold Hill, Colorado. Type, 

a. Upper molar series. 
h. Lower molar series. 
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Plate II. 
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PLATE in. 

(All inaf;nilie«l alu»ut lo (liaineiers.) 

1 IltsperoniyH macropus (So. ii|?U') d »**• Liiko Wortb, Florida. Type. 

a. Left upper molar seriirt*. 

/». Lett lower molar serioH. 
2. Ile^peroviys marrojjus (No. f ?,f>in) -^ • Lnke Worth, Florida. (A younger specimen.) 

a. Left upper molar series. 

5. J^eft lower molar Hories. 
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Plate III. 







H' si)rri>nu/.< OKirropiis s]). d.iv.: Ult. 1. tyin-; i]-^. 0. a yoiiny^rr s|>tvimt'ii. 
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MEASUREMENTS. ^ 

All meaAnrements of speoimenfi are in millimeters. 

All HammaXiS collected by Field Agents of tbe Division are mJeasared in accordance 
with the following instrnotions: 

(1) The TOTAL htSQTB Is the distance between the tip of the nose and the end of 
the tail vertebrm. It is taken by laying the animal on a boai^, with its nose against 
a pin or upright post, and by straightening the back and tail by extending the hind 
legs with one hand while holding the head with the other; a pin is then driien into 
the board at the end of the y^tebrsB. 

(2) Thb xbkgth ov tail is the length of the candal yertebrsa. It is taken by 
erecting the tail at right angle to the back, and placing one point of the dividi^ on 
the backbone at the yery root of the tail, the other at the tip end of the vertebrs. 

(3) .The HIND FOOT is measured by placing one point of the dividers against the 
end of the heel {caloaneum)f the other at the tip of the longest claw, the foot being 
flattened for this purpose. 

In measuring the hind foot in dry skins, the foot is first wrapped in wet abs^beni 
cotton until the toes cwi be straightened* 
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